SOMEBODY 


Only freak fortune does the leaning tower Pisa still 
stand. faulty foundation was not apparent until the structure 
was three stories high. believed the architects were then 
forced compensate adding weight the opposite side 
save the building. 

Are you building corrosion problems into your plant structures 
and equipment that will inevitably have compensated for 
tremendous replacement costs? Many these costs can 
eliminated the planning stage taking advantage the serv- 
ices expert the field corrosion resistant 
Amercoat Sales Engineer. 

The Amercoat Sales Engineer trained the principle that 
corrosion engineering, too, foundations are all-important. You 
can put this factory-trained man your staff, speak, with- 
out cost obligation. His advice will truly objective since 
based knowledge all types protective coatings and 
more than 43,000 case histories our files. You can sure that 
the Amercoat coating recommends, whether vinyl, phenolic, 
epoxy any other type, will the right one for your job, and 
the most economical the basis cost per square foot per year. 

Therefore, effect important economies specifying protec- 
tive coatings you are cordially invited call your 
Sales the beginning. will analyze all per- 


tinent data concerning your corrosion problems based our 
nearly years corrosion control experience, and give you 
comprehensive recommendation. addition recommending 
the proper coatings, will assist you writing complete speci- 
fications. However, this not the full extent his service: 
will also available for consultation the job site insure 
proper application. 

There are more than Amercoat Sales Engineers and Dis- 
tributors located throughout the country. will pay you talk 
one these men whether you are building new plant are 
interested the efficient maintenance existing facilities. The 
same service available and equally important savings can 
realized both cases. 

May send you the name the Amercoat man nearest you? 
Literature containing many helpful suggestions for the design 
and corrosion engineer also available request. Write to: 
Amercoat Corporation, 4809 Firestone Blvd., South Gate, Calif. 
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The time stop corrosion 
before starts 


Long before the first drop water contacts metal 
any large recirculating water system, steps should 
taken prevent corrosion. 

Early the design stage, plan adding chromate 
inhibitors recirculating water—from the moment 
operation starts. That way, clean metal stays clean. 
Delay, and the metal gets blanketed rust and 
which makes difficult for any inhibitor 
reach and protect the metal. 


Mutual Chromium 
Chemicals 


Sodium Bichromate 
Sodium Chromate 
Chromic Acid 
Potassium Bichromate 
Potassium Chromate 
Ammonium Bichromate 


Chromates work two ways: they make waters 
non-corrosive while making metal surfaces corrosion- 
resistant. Chromates are inexpensive use—they 
their work maintained concentrations 100 
400 parts per million. These inhibitors may intro- 
duced either sodium chromate bichromate. 

For literature Mutual chromates recirculat- 
ing water systems, other applications, mail the 
coupon below. 


MUTUAL CHROMIUM CHEMICALS 
SOLVAY PROCESS DIVISION 

Allied Chemical Dye Corporation 


Please send: 
Bulletins Corrosion Inhibitors 
Recirculating Water Systems. 
Information Chromate corrosion 
control 
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“Those Galvomag anodes give the added punch need 
for our high-resistivity 


got underground corrosion problem, Galvomag® 
magnesium anodes are almost always the best solution. 

Galvomag, the Dow high-potential anode that delivers 
25% more current than conventional anodes, gives con- 
tinuous protection underground equipment—and it’s easy 
your maintenance budget. These more powerful anodes 
also provide extra punch and throwing power high- 


resistivity soils. normal soils they insure against corrosion 
with fewer anode units. Either way, you save your 
original investment for cathodic protection. 


Contact one the Dow magnesium anode distributors listed 
below for detailed information and technical assistance, 
write directly us. THE DOW CHEMICAL COMPANY, Midland, 
Michigan, Department MA-1428GG-4 


Call the distributor nearest you: Cathodic Protection Service, Houston, Texas Corrosion Services, Inc., Tulsa, Oklahoma Electro 
Rust-Proofing Corp. (Service Division), Belleville, Ets-Hokin Galvan, San Francisco, Calif. The Harco Corp., Cleveland, 
Ohio Royston Laboratories, Blawnox, Penna. Stuart Steel Protection Corp., Plainfield, The Vanode Co., Pasadena, Calif. 
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TECHNICAL SECTION 


Corrosion Research Corrosion 
Aluminum-Steel and Aluminum-Lead Couples 


F blished monthly as its official journal, by the Na- 
ti nal Association of Corrosion Engineers, Inc., at 
Discussion: Thomas Hoffman, Page 26; Reply 
Page Capt. Mosher, Page 26. 
Officers and Directors, National Jr., Lockwood, Speiser, 
TECHNICAL COMMITTEE 
ACTIVITIES Study Acid Corrosion Cadmium 
San Francisco Technical Committee Henry Weaver, Jr. and Cecil Lynch............... 
Compilation and Correlation High Temperature Catalytic 
Reformer Data—A Contribution the Work NACE 
Sweet Crude Oil Failures May Technical Group Committee T-8. Publication 58-2 
Steels—A Contribution the Work NACE Technical Group 
Louisville Committee Affiliates Committee T-8 Refinery Industry Corrosion, 
San Francisco Area Joint Underground Publication 58-3 
San Diego County Group........... Breakaway Oxidation Zirconium-Tin Alloys 
Phenolic Coatings Report Earl Gulbransen and Kenneth Andrew........... 
Theoretical Aspects Corrosion Low Water Producing 
Witort, and Haase. Sweet Oil Wells—A Status Report NACE Technical 

Hungarian Subscriber Sends Good News Unit Committee T-1C, Prepared Task Group T-1C-4. 

1959 Regional Meeting............ 

Fuel Ash Attack Aluminum Coated Stainless Steel 
Course Set Feb. 

Two Technical Talks Are 
Given Los Corrosion and Metal Transport Fused Sodium Hydroxide 

East Texas Section Elects 

tro 1957 Permian Basin Tour Rated Best; 
Over 200 Participate 3-Day Event.. 

Technical Section Format Changed.... (Continued Page 
Southwestern Ohio Section 
c 7 yn and Pipe eg tales 2 be 87 Copyright 1958 by the National Association of Corrosion Engineers. Reproduction of the contents, either as a whole or if 
ampbe Ss Are tonored by in part, is forbidden unless specific permission has been obtained from the Publishers of CORROSION, Articles pre- AIR 
Houston Section sented represent the opinions their authors, and not necessarily those the Editors CORROSION, nor the 


Officers or Members of the National Association of Ccrrosion Engineers. Manuscripts to be considered for publication iy ks. 
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14th ANNUAL CONFERENCE PROGRAM 


More Than 120 Authors Write Technical 

Papers for NACE Conference....... 
Corrosion Problems High 

Performance Aircraft Topic 

Variety Technical Problems Weighed 

Chemical Industry Papers Consider Some 

Problems Related Reactors, 

Newer Plastic Systems for Severe Service 

Emphasized Protective Coatings 

Choice Materials for High 

Temperature Service Covered 

Diversified Papers................. 
Educational Lectures Cover Design 

And Corrosion Reactions 
General Symposium Topics Include Steel 

For Marine Service, Tank Trucks, 

High Purity Water Engineering Problems 

Reactors and Boilers Are 
Use and Effects Inhibitors Under 

Varied Conditions Covered 

Symposium 


New Marine Corrosion Control Measures 

Are Covered Four-Paper Symposium 100 
Mechanical Properties Oil Well 

Tubing Among Oil and Gas Symposium 

Pipeline Symposium Will Cover 

Coatings, Cathodic Protection and 

Use Plastic Engineering Material 

Principal Theme 4-Paper 

Ultimate Reasons for Reactions 


Considered Three Papers........ 


Pulp, Paper Corrosion Topics 

Useful Data Refinery, Petrochemical 

Lead Sheathed Cables, Stainless Steels 

Are Topics for Utility Symposium 

Technical Program 108 
Three Round Tables Set for Conference 108 
Only Booths San Francisco Show 

Are Not Allocated Far.......... 108 


GENERAL NEWS 


Papers Reinforced Plastics Will 


109 
Anti-Corrosion Compound 

Developed Hungary............. 109 
Tin “Whiskers” Grown for 

Superconductivity Tests 109 
British Scientist Sees Corrosion 

Definite Branch Science......... 110 
British Corrosion Group Meetings...... 110 


Standards Defined from 95C.. 110 
Military Problems Posed for Scientists.. 112 


200 Papers Nuclear Reactors 


Stress-Free Multi-Phase Metals 

Impossible, NBS Tests 112 
Air and Water Pollution Prevention 

Liege Meeting Cover Corrosion 

112 
Gas Turbine Technical Sessions Set.... 112 
Carnegie Laboratory Marks 

Men the News................. 116 


TECHNICAL TOPICS 
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John Richardson 


124 
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Index Advertisers 


131 
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THIS MONTH’S COVER—Two Sections 
inch OD, wall extruded, linear high 
molecular weight polyethylene pipe stress 
cracked after 149 days’ exposure wet 
chlorine gas and saturated brine splash 
approximately Cracks are indicated 
the dye penetrant method. Photograph from 
Hooker Electrochemical Co., Niagara Falls, N.Y. 
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What the case for 
HIGH POTENTIAL ANODES? 


Many and great are the claims that are being made 
for “high magnesium anodes. Yet 
proved fact that they are economically unsound 
more than 90% the cases where magnesium 
anodes are required. 

There are three reasons for this: 

Magnesium anodes are essentially packaged 
electrical energy and their efficiency measured 
the amount that electrical energy which 
recoverable useful current. The advantages 
anode with high effjciency are obvious. Under 
all conditions, the most efficient anode will pro- 
vide either longer life given current flow, 
larger current flow given anode life. High 
potential magnesium anodes produce average 
current efficiency 48.59%, whereas, H-1 alloy 
anodes produce minimum current efficiency 
60%. other words, H-1 alloy anodes deliver 
more ampere hours protection per pound 
metal consumed. When attaching dollar and 
cents value anode efficiency, easily under- 
stood that greater protection and economy ob- 
tained through the use H-1 alloy anodes. 


current delivered, not the potential, 
that stops corrosion. Potential necessary only 
overcome resistance and order deliver cur- 
rent the structure protected. Logically 
then, reducing the resistance reduces the 
for potential. This resistance decreases 
rapidly extending the length the anode. 
Therefore, with 50% increased length, with 
increase anode weight, higher current output 
can obtained from the H-1 alloy anode than 
from the “High Potential” anode. 


Most corrosion caused galvanic cells 
occurring low resistance soils and sea water. 
High potential anodes generate 25% more imme- 


diate current punch than necessary protect 
against corrosion these cases. The fact that H-1 
alloy anodes deliver proper current level pro- 
tect against corrosion low resistance soils and 
sea water has been proved over many years 
thousands installations. 


These three reasons mean that 90% all 
magnesium anode installations the H-1 alloy anode 


has life expectancy years opposed 
maximum 5.5 year life expectancy the high 
potential anodes. 

also means that the H-1 alloy anode has 
greater current efficiency that delivers more 
useful ampere hours protection per pound 
metal consumed. 

low resistivity soils and sea water where 
most corrosion occurs high potential anodes 
develop more immediate current than actually 
needed obtain full protection. 

recognized, undisputed fact that the great- 
est amount stored useful electrical energy 
obtained from H-1 alloy anodes. this more 
useful current that offers the protection that 
needed. 

Study your anode purchases. Are you actually 
paying more for protection you not need? 
many cases you will find that the installation 
high potential anodes costing you more money 
and offering less protection than the H-1 mag- 
nesium anode. 

Don’t misled into thinking that slightly 
greater potential means more stored electrical 
energy. 

can prove you that Standard 
Vibra-Pak H-1 alloy anode will give you more use- 
ful electrical energy with resulting longer life, 
more protection and greater economy. 


QUALITY AND DEPENDABILITY THROUGH RESEARCH 


MAGNESIUM ANODES 


MELTING FLUX 


é 
| 
5 | 
a 
r 
f 
3 
| 
j 
Ai 
| 
tee 
Corporation 


Corrosion in in 


Jack Battle, Chairman; Humble 
2180, exas 

Koger, Vice Chairman; Cities 
Bartlesville, 


T-1A Corrosion Oil and Gas Well 
Equipment, Los Angeles Area 


Kipps, Chairman; Signal Oil 
Gas Company, 2780 junipero Ave., 
Long Beach 
Brock, Vice Chairman; Long 
Beach Harbor 1333 Em- 
barcadero, Long Beach, Cal. 


T-1B Condensate Well 

W. H. Edwards, Chairman; Superior 
Oil Company, 400 Gas 
Ifouston, Texas 

D. R. Fincher, vice-chairman; Tide- 
water Oil Co., 1538 Campbell Road, 
Houston 24, Texas 


High Pressure Well Completion 

and Corrosion Mitigation Procedure 

Oxford, Chairman; Sun 

Oil Co., Box 2831, Beaumont, 
Texas 


T-1C Sweet Oil Well Corrosion 

Joy T. Payton, Chairman; The Texas 
Box 2332, Houston, Texas 

Loncaric, Vice Chairman: At- 
lantic Refining Co., Box 2819, 
Dallas, Texas 


Water Dependent Corrosion, 
Field Practices 

Joy Payton, Chairman; The Texas 
Co., Box 2332, Houston, Texas 


T-1C-2 Water Dependent Corrosion, 
Experimental Aspects 

Rowe, Chairman; Gulf Oil 
Corp., Drawer 2100, 


T-1C-3 Water Independent Corrosion, 
Field Practices 

H. E. Greenwell, Chairman: Produc- 
tion Profits, Inc., 8912 Sovereign 
Row, Dallas, Texas 

T-1C-4 Water Independent Corrosion, 
Experimental Aspects 


Rado Loncaric, Chairmon; Atlantic 
Refining Co., Box 2819, Dallas, 
Texas 


T-1C-5 East Texas Task Group 


H. G. Byars, Chairman, 6405 Bor- 
deaux, Dallas, Texas 


T-1D Sour Oil Well Corrosion 

Lembcke, Chairman: Cities 
Service Research Development 
920 East Third Street, Tulsa, 


Gannon. Vice Chairman; The 
Texas Co., Box 1270, Midland, 
Texas 


Fundamentals Corrosion 


tion Research Division, Develop- 
ment and Research Dept., Conti- 
nental Oil Ponca Okla. 


West Texas-New Mexico 
J. V. Gannon, Chairman, The Texas 


Co., Production Dept., Box 1270, 
Midland, Mich. 


T-1D-3 Western Kansas 

R. L. Conboy, Chairman, Gulf Oil 
Corp., Box 1233, Wichita, 
Kan. 


Oil Field Pumps 


Prange, Chairman, Phillips 
Petroleum Corp., Bartlesville, Okla. 


T-1F Metallurgy 

Steel Cor 1908 First Nat’l. Bldg., 
Tulsa 

Research & Development Co., 
Drawer 2038, Pittsburgh, Pa. 


PRACTICES 
COMMITTEE 

Greco, Chairman; 
United Gas Corp., Box 1407, 
Shreveport, La. 

man; American Tel. Tel. 
Co., 32 Avenue bh the 
New York 13, 


Whiteneck, Vice Presi- 
dent NACE; Inc., 
5501 Santa Ave., Los 
Angeles 58, Cal. 

Chairmen T-1 through T-9 

also are members this 

committee. 


Sulfide Stress Corrosion 
Cracking 

F. A. Prange. Chairman; Philli 
Petroleum Co., Bartlesville, Okla. 


Sweet Crude and Sweet Con- 
densate Stress Corrosion Cracking 
Fraser, Chairman; Shell Devel- 
opment Co., 39 Claremont Drive, 

Orinda, Cal. 


T-1H Oil String Casing Corrosion 

W. C. Koger, Chairman; Cities Serv- 
ice Oil Co., Cities Service Building, 
Bartlesville, Okla. 


T-1H-1 Oil String Casing Corrosion, 
West Texas, New Mexico Area 


Chairman; The Texas 
Co., Box 1270, Midland, ‘Texas 


T-1H-2 Oil String Casing Corrosion, 
West Kansas Area 

A. S. Marken, Chairman; The Texas 
Co., Route #1, Great Bend, Kansas 


T-1H-3 Oil String Casing Corrosion, 
East Texas Area 

Olive, Chairman; Arkansas Fuel 
Oil Corp., General Engineering De- 
partment, 1117, Shreveport, La. 


T-1H-4 Oil String Casing Corrosion, 
California Area 
F. W. Schremp, Chairman; California 
one Corp., Box 446, LaHabra, 
al. 


T-1J Oil Field Structural Plastics 


Sanford, Chairman; Mica In- 
sulator Co., Box 1076, 
Schenectady New York 


T-1K Inhibitors for Oil and Gas Wells 

A. H. Roebuck, Chairman; Produc- 

tion Research Div., Continental Oil 
Ponca City, Okla. 


E. J. Simmons, Vice Chairman; Sun 
Oil Co., Box 2880, Dallas, Texas 


T-1K-1 Sour Crude 
Evaluation 

Rowe, Chairman; Gulf Oil 
Corp., 5311 Kirby Drive, Houston, 
Texas 

Stanphill, Vice-Chairman, 
Humble Oil Refining Co., Box 
2180, Houston, Texas 


T-1K-2 Sweet Crude Inhibitor 
Evaluation 

C. C. Nathan, Chairman; The Texas 
Co., Box 425, Bellaire, ‘Texas 

Fincher, Vice-Chairman; Tide- 
water Oil 1538 Campbell Road, 
Houston 24, Texas 


T-1M Corrosion Oil and Gas Well 
Producing Equipment Offshore 
Installations 

R. M. Robinson, Chairman; Conti- 
nental Oil Co., 206 Maritime Bldg., 
New Orleans 12, La. 

O. L. Grosz, Vice Chairman; The 
— Co., Box 128, Harvey, 


Offshore Corrosion Control 
Programs 

F. A. MacDougall, Chairman, Shell 
Oil Co., Box 193, New Orleans, La. 


Non-Ferrous Construction 
Materials 

Stauffer, Chairman, Humble 
Oil Refining Co., Box 2180, 
Houston, Texas 


T-1M-3 Cathodic Protection Methods 


Chairman, Standard 
Oil Co. of Texas, P. O. Box 1249, 


Houston, Texas 


T-1M-4 Corrosion Controls for Off- 
shore Pipelines 

M. C. Fleming, Chairman, Phillips 
Petroleum Co., 312% Dewey St., 
Bartlesville, Okla. 


Stewart, Chairman; Sun Pipe 


Line Co., Box 2831, Beaument, 


Texas 

Sudrabin, Vice Chairman; 
Proofing Corp., Box 
178, Newark, 


T-2A Galvanic Anodes 

Wahlquist, Chairman; Ebasco 
Services Inc., Rector St., New 
York, 


T-2A-2 Development Standard 
Accelerated Galvanic Anode Test 
Procedures 

Robinson, Chairman; The Dow 
Chemical Co., Midland, Mich. 


Anodes for Impressed Currents 
Maitland, Chairman; American 
the Americas, New York 


Dorsey, Vice Chairman; South- 
ern California Gas Co., Box 3249, 
Annex, Los Angeles 


Hugo, Secretary; Engineering 
Department, Phillips Petroleum 
Bartlesville, 


T-2B-1 Sources Impressed Current 
for Anodes 

Olive, Chairman; Arkansas Fuel 
Oil Corp., Box 1117, Shreveport, 


La. 


T-2B-2 Ground Bed Design Data 

Dorr, Jr., Chairman; Dorr Engi- 
neering, Inc., 4626 Ingersoll, Hous- 
ton, Texas 


T-2B-4 Use High Silicon Cast Iron 
for Anodes 

W. L. Scull, Chairman; Colorado In- 
terstate Gas Co., Box 1087, Colo- 
rado Springs, Colo. 


T-2B-5 Use Platinum, Palladium, 
etc. for Anodes 

R. B. Teel, Chairman, The Interna- 
tional Nickel Co., Inc., Box 262, 
Wrightsville Beach, N. C. 


T-2C Minimum Current Requirements 

Wainwright, Chairman; Good- 
Electric Mfg. Co., Ogallala, 
Nebraska 

Paul T. Miller, Vice Chairman; The 
Texas Pipe Line Co. Box 647, Al- 
meda, Texas 


Basic Criteria 
. W. Ringer, Chairman, 7 Hampden 
“Avenue, Narberth, Pennsylvania 


T-2C-2 Coupons, As A Criteria For 
Cathodic Protection 

H. J. Keeling, Chairman, Consulting 
Engineer, 1718 Livonia Avenue, Los 
Angeles 35, California 


T-2C-3 History 
Robert Pope, Chairman, Rd. 3, Box 
302, Quakertown, Pennsylvania 


T-2C-4 Cathodic Protection Criteria 
Research 

L. P. Sudrabin, Chairman, Electro 
Rust-Proofing Corp., Box 178, 


Newark 1, New Jersey 


T-2D Standardization 
for Measuring Pipe Coating 
age Conductance 

Marshall Parker, Chairman; 
mit Engineering Co., 717A 
Building, Houston, Texas 

Heverly, Vice-Chairman; Tran 
Canada Pipe Lines Ltd. 160 
Street East, Toronto 
Canada 


T-2D-1 Short Insulated Sections 
Low Conductance 

Marshall Parker, Jr., Chairma: 
(See T-2D) 

T-2D-2 Inaccessible Locations, Suci 
Water Crossings 

Beezley, Chairman; United 
Pipe Line Co., Box 1407, Shreve 
port, La. 


T-2D-3 Parallel Lines 
L. A. Hugo, Chairman; Phillips Petro- 
leum Co., Bartlesville, Okla. 


Stray Current Field 

Wahlquist, Chairman; Ebasco 
Rector St., New 
York, 


Internal Corrosion Product 
Lines and Tan 
Parker, Plantation 
Line Co., Box 1743, Atlanta, 


Jasek, Vice Chairman; Hum- 
ble Pipe Line Co., Drawer 2220, 
Houston, Texas 


T-2F Internal Corrosion Crude Oil 
Pipe Lines and 

Allen, Temporary Chairman, 
Humble Pipe Line Co., Drawer 
2220, Houston, Texas 


T-2G Coal Tar Coatings for Under- 
ground Use 


Kelly 
Kelly Co., 666 M 
Houston Texas 

W. F. Fair, ity Vice Chairman; 
Koppers Co., Inc., Tar Products 
Div., Tech Plum St., 
Verona, Pa, 


T-2H Asphalt Type Pipe Coatings 

Austin S. Joy, Chairman; Brumley- 
Donaldson Co., 3050 East Slauson 
Avenue, Huntington Park, Cal. 

Reynolds, Vice Chairman; Pa- 
cific Gas Electric Co., 245 Mar- 
ket St., San Francisco, Cal. 


T-2H-1 Methods Environ- 
mental Conditions 
(See chairman T-2H) 


T-2H-2 Criteria for and 
Evaluating Underground Coatings 
(See chairman 


T-2H-3 
(See chairman ‘f-2H) 


Chairman; Mavor- 
M & M Building, 


Internal Pipe Treatment 
Specifications 
Burns, Chairman; Kerr-McGee 
Oil Industries, Inc. 
Wynnewood, Okla. 


Wrappers for Underground Pipe 
Line Coating 


Clark Bailey, Chairman; Johns- 
Manville Sales Corp., East 40th 
St., New York 16, NY 


Wade, Vice Trans- 
continental Gas e Line Corp., 
Box 296, 


Asbestos Felt 
P, A. Meyer, Chairman; Nicolet In- 
dustries Inc., Pine St., New 


York, 


Glass Wrap 
Chairman; Owens- 
Fiberglas Corp., 902 
Tulsa, 
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Ferrell, Chairman; Philip 
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Wise, Chairman; Arkansas- 
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T-2K-1 Standards 
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Hendrickson, Chairman; 
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T-2K-3 History and Results 


Costanzo, Chairman; Manufac- 
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Roebuck, Chairman; Production 
Research Division, Continental Oil 
Co., Ponca City, Okla. 


T-3A Corrosion Inhibitors 

S.K. Coburn, Chairman; Association 
American Railroads, 3140 South 
Federal St., Chicago, IIl. 

L. C. Rowe, Vice Chairman; Research 
taff, General Motors Corp., Box 
188, North End Station, Detroit 2, 


Mich. 


T-3A-1 General Theory the Action 
Corrosion Inhibitors 

Sweet, Chairman; Research 
Development Dept., 
molive Co., 105 Hudson St., Jersey 
City, N. J. 


T-3A-2 Methods Testing Screen- 
ing Corrosion Inhibitors 


(Chairman Selected) 


T-3A-3 Materials Available for and 
Application Corrosion Inhibitors 

Lyle Timm, Chairman; Sharples 
Chemicals, Inc., Box 151, Wyan- 
dotte, Mich. 


T-3B Corrosion Products 

Roebuck, Chairman; Production 
Research Division, Continental Oil 
Company, Ponca City, Okla. 

Vaughan, Vice Chairman, Bat- 
telle Memorial Institute, 505 King 
Avenue, Columbus, Ohio. 


T-3C Annual Losses Due Corrosion 
Coburn, Chairman, Association 
of American Railroads, 3140 South 
Federal Street, Chicago 16, Illinois 


T-3D Instruments for Measuring 
Corrosion 

Thalmann, Chairman; Ebasco 
Services, Inc., Rector St., New 

Ringer, Vice Chairman; 
Hampden Ave., Narberth, Pa. 


T-3D-1 Electrical Hokday Inspection 
Coatings 

Broome, Chairman; Arkansas- 
Louisiana Gas Co., Box 1734, Shreve- 
port, La. 


T-3E Railroads 


Nicholas, Chairman; The Pull- 
man Co. Engineer of Research, 
Room 5-40, Merchandise Mart Plaza, 
Chicago, 


Magee, Vice Chairman, Assoc. 
American Railroads, 3140 South Fed- 
eral Street, Chicago, Ill. 


T-3E-1 Corrosion Railroad Tank 


American Transportation Corp., 150 
West Street, East Chicago, Ind. 


Jekot, Vice Chairman; DeSoto 
Paint & Varnish Co., P. O. Box 186, 
Garland, Texas. 


L. R. Honnaker, Vice Chairman, En- 
Materials Group, Eng. 
Co., Inc., W15 Bldg., 
Wilmington, Del. 


Corrosion Railroad Hopper 

‘ars 

C. L. Crockett, Chairman; Norfolk 
and Western Railway, Motive Power 
Dept., Roanoke, Va. 


T-3F Corrosion High Purity Water 

Blaser, Chairman; Research 
Center, Babcock Wilcox Co., Box 
835, Alliance, Ohio. 


T-3F-1 Facilities for Production 
High Purity Water 


T-3F-2 Inhibitors 

Ulmer, Chairman, Combustion 
Engineering Co., 200 Madison Ave- 
nue, New York, 


T-3F-3 Corrosion Products 
W. L. Pearl, Chairman, General Elec- 
tric Company, Atomic Power Equip- 
— Dept., Box 254, San Jose, 
alif. 


T-3F-4 General Corrosion Problems 

V. J. Payton, Chairman, Common- 
wealth Edison Co., Adams 
St., Chicago, Ill. 


T-3F-5 Declassification 
J._L. English, Chairman, Oak Ridge 
Box Oak Ridge, 
enn. 


T-3F-6 Intercommittee Activities 
E. P. Partridge, Chairman, Hall Labs., 
Box 1346, Pittsburgh, Pa. 


T-3F-7 Bibliography 

Roebuck, Chairman, Production 
Research Div., Continental Oil Co., 
Ponca City, Oklahoma. 


T-3G Cathodic Protection 

T. P. May, Chairman, The Interna- 
tional Nickel Co., Inc., Wall St., 
New York, 


T-3G-1 Cathodic Protection Hull 
Bottoms Ships 

Sudrabin, Chairman, Electro 
Rust-Proofing Corp., Box 178, New- 
ark, New Jersey. 


T-3G-2 Cathodic Protection Heat 
Exchangers 

R. B. Teel, Chairman, The Interna- 
tional Nickel Co., Inc., Box 262, 
Wrightsville Beach, N, C. 


T-3G-3 Cathodic Protection Process 
Equipment 

Brouwer, Chairman, The Dow 
Chemical Co., Midland, Michigan. 


Tanker Corrosion 

Tech. The Texas Company, 
Box 509, Beacon, New York. 


Irwin Dietze, Chairman, Dept. 
Water Power, Box 3669, Terminal 
Annex, Los Angeles, Calif. 


T-4A Effects Electrical Grounding 
on Corrosion 

Stilley, Chairman; Good-All 
Electric Mfg. Co., Good-All Bldg., 
Ogallala, Neb. 


T-4A-1 Recommendations for Materi- 
als Used for Electrical Ground- 
ing Reduce Corrosion 

(Appointment chairman pending) 


T-4A-2 Recommendations for Ground- 
ing Private Premises 

Irwin Dietze, Chairman, Dept. 
Water & Power, Box 3669, Terminal 
Annex, Los Angeles, Calif. 


T-4B Corrosion Cable Sheaths 

Maitland, Chairman, American 
Telephone Telegraph Co., Ave- 
the Americas, New York, 


Clayton, Vice Chairman; Mem- 
Gas, Light and Water Div., Box 
88, Memphis, Tenn. 


T-4B-1 Lead and Other Metallic 
Sheaths 

Maitland, Chairman, American 
Telephone Telegraph Co., Ave- 
nue the Americas, New York 13, 
New York. 


T-4B-2 Cathodic Protection 


J._J. Pokorny, Chairman, Cleveland 
Elec. Illuminating Co., Public 
Sq., Cleveland Ohio. 


T-4B-3 Tests and Surveys 


Werner, Chairman, American 
Telephone Telegraph Co., 324 
East Street, Room 1701, Kansas 
City, Mo. 


Clayton, Vice Chairman, Mem- 
his Gas, Light and Water Div., Box 
Memphis, Tenn. 


T-4B-4 Protection Pipe Type Cables 

Dieck, Chairman, Long Island 
Lighting Company, 175 Old Country 
Road, Hicksville, New York. 


Prime, Jr., Vice Chairman, Flor- 
ida Power Light Co., Box 3100, 
Miami, Florida. 


T-4B-5 Non-Metallic Sheaths and 
Coatings 

G. H. Hunt, Chairman, Simplex Wire 
Cable Co., Sidney St., Cam- 
bridge 39, Massachusetts. 


Mercer, Vice Chairman, South- 
western Bell Tel. Co., Box 58, West- 
field, Texas. 


T-4B-6 Stray Current Electrolysis 

J. Svetlik, Chairman, Northern Indi- 
ana Public Service Co., 5265 Hoh- 
man Ave., Hammond, Indiana. 


Cantwell, Vice Chairman, In- 
diana Bell Telephone Co., 
Meridian St., Indianapolis, Indiana. 


T-4D Corrosion Deicing Salts 

Kaufmann, Chairman, Inter- 
national Salt Co., Inc., 638 Marine 
Trust Bldg., Buffalo, New York. 


W. H. Bruckner, Vice Chairman, Uni- 
versity Illinois, Urbana, 


T-4D-1 Procedures for Conducting 
Field Tests Below Ground 

Kulman, Chairman, Consoli- 
dated Edison Co. New York, Inc., 
Irving Place, New York, 


T-4D-2 Coordination Field Pro- 
grams Between Cities and Transpor- 
tation Companies 

George Illig, Chairman, Calgon, Inc., 
323 Fourth Ave., Penn. 


'T-4E Corrosion Domestic Water: 

Larson, Chairman, Illinois 
Water Survey, Box 232, Urbana, 
linois. 

dustrial Water Section; Dept. 
Mines & Tech. Surveys; 40 Lydia 
Street, Ottawa, Ontario, Canada 


T-4E-1 Hot Water Tank Corrosion 

fessor Chemistry, Case Institute 
Technolo; University Circle, 
Ohio. 


Selection for Cor 
rosion Mitigation the Utility 

Kulman, Temporary Chairman 
Consolidated Edison Co. New 
York, Inc., Irving Place, New 


T-4F-1 Materials Selection the 
Water Industry 

Daniel Cushing, Chairman, 148 Stat: 
St., Boston, Massachusetts. 


Chester Anderson, Vice Chairman; 
Crane Company, 4100 South Kedzie 
Ave., Chicago Ill. 


1300 Statler Idg., Boston, 
ass. 


T-4F-2 Materials Selection the 
Electric Industry 


Zimmerer, Chairman; Petro-Tex 
Chemical Corp., Box 2584, Houston, 


Dillon, Vice-Chairman, Union 
Co., Box 471, 
Texas City, Texas 


T-5A Chemical Manufacturing 
Industry 

Dillon, Chairman; Union Car- 
bide Chemicals Co., Texas City, 


Texas 

Burton, Vice-Chairman, Gen- 
eral Chemical Division, Allied 
Chemical Dye Corp., Camden 
New Jersey 


Sulfuric Acid 
Luce, Chairman, The Duriron 
Co., Box 1019, Dayton, Ohio. 


T-5A-3 Acetic Acid 


Teeple, Chairman, The Inter- 
national Nickel Co., Inc., Wall 
St., New York, New York. 


T-5A-4 Chlorine 


Gleekman, Chairman; Wyan- 
dotte Chemicals Corp., 1609 Biddle 
Ave., Wyandotte, Mich. 


T-5A-5 Nitric Acid 
N. D. Groves, Chairman; Apartment 
33-B, Brookline Manor, Reading, Pa. 
Meyer, Vice Chairman; Na- 
tional Lead Co. Ohio, Box 158, 
Healthy Station, Cincinnati 31, 
10. 


T-5A-6 Corrosion 


Hoffman, Chairman, Phillips 
Petroleum Co., Atomic Energy Div., 
Box 1259, Idaho Falls, Idaho. 


T-5B High Temperature Corrosion 


E. N. Skinner, Chairman; The Inter- 
national Nickel Co., Inc., Wall 
St., New York, 


McPherson, Vice-Chairman; 427 
Murdock Ave., Library, 


Pa. 


T-5B-3 Oil Ash Corrosion 


Foley, Chairman, General Elec- 
tric Co., Schenectady, New York. 


(Continued on Page 10) 
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protects your expensive equipment 
against internal corrosion for only few cents 


Humble’s COREXIT proven product with years success 
corrosion prevention the oil and gas industry. Experience proves 
that COREXIT will provide 98% protection against internal corrosion 
natural gasoline plants and natural gas cycling plants. 

There are COREXIT formulas specifically designed assure you 
almost total protection against internal corrosion absorption units, 
distillation units, fractionation towers, vapor recovery systems, Girbotal 
units, and related heat transfer equipment. COREXIT compatible 
with ammonia, and often desirable team COREXIT with this 
type neutralizer for complete coverage liquid-phase-vapor-phase 
system. 

COREXIT readily available Humble wholesale plants 
throughout Texas and New Mexico. 


For information COREXIT 
Indiana and Kentucky, 
write phone: phone: 
Mid-State Chemical Pet-Chem, Inc. 


For information COREXIT 
Oklahoma and Kansas, write 


Mt. Vernon, Mayo Building 


Tulsa, Oklahoma 


Without cost obliga- 
tion, Humble’s Technical 
Service engineers will assist 
you solving your corro- 
sion problems. For engi- 
neering service further 
information COREXIT, 
phone write: 


Humble Oil Refining Company 
Sales Technical Service 

Box 2180 

Houston Texas 


HUMBLE OIL REFINING COMPANY 
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T-5B-5 Corrosion Molten Salts and 
Metals 

W. D. Manly, Chairman; Union Car- 
bide Nuclear Co., Oak Ridge Na- 
tional Lab., Box P, Oak Ridge, 
Tenn. 


T-5C Corrosion by Cooling Waters 


T-5C-1 Corrosion Cooling Waters 
(South Central Region) 

Dillon, Chairman; Union Car- 
bide Chemicals Co., Texas City, 


M. Brooke, Vice Chairman; Phillips 
Petroleum Co., Sweeny Refinery, 
Sweeny, Texas. 


W. W. Wheeler, Secretary; Rohm & 
Haas, Box 672, Pasadena, Texas. 


T-5D Plastic Materials Construction 
Mcllrath, Chairman, 151 East 
214th St., Euclid, Ohio. 


Gackenbach, Vice-Chairman; 
American Cyanamid Co., Organic 
Chemical Div., Bound Brook, N. J. 


T-5D-1 Questionnaires 
214th Street, Euclid 23, Ohio. 


T-5D-2 Inorganic Acids 

R. L. Hughes, Chairman, Spencer 
Chemical Co., 1231 Woodswether 
Rd., Kansas City, Missouri. 


rich Chemical Co., 2060 East Ninth 
Street, Cleveland 15, Ohio. 


T-5D-3 Inorganic Alkalies 

Peter Kimen, Chairman, Champion 
Paper & Fibre Co., Box 872, Pasa- 
dena, Texas. 


Connelly, Secretary, Eastman 
Chemical Products Company, 704 
Texas National Bank Building, Hous- 
ton 2, Texas. 


T-5D-4 Gases 
Beaumont Thomas, Chairman, Steb- 
bins Eng. & Mfg. Co., Eastern Blvd., 
Watertown, New York. 


Forse, Vice Chairman, Dow 
Chemical Plastics Tech- 
nical Service, Midland, Michigan. 


William Eakins, Secretary; Chemical 
Corp., Pla-Tank Division, West 
Warren, Mass. 


T-5D-5 Water and Salt Solutions 


Paul Elliott, Chairman, Naugatuck 
Chemical Company, Kralastic De- 
velopment, Naugatuck, Conn. 


T-5D-6 Organic Chemicals 
Pusey, Chairman; Bakelite Com- 


pany, Division Union Carbide Chem- 
icals Co., Bound Brook, 


Wade Wolfe, Jr., Secretary, 
mann Drive, Buffalo 17, New York. 


T-5D-7 Engineering Design 

O. H. Fenner, Chairman, Munsanto 
Chemical Company, 1700 South Sec- 
ond Street, St. Louis 4, Missouri. 

K. A. Phillips, Vice-Chairman, Amer- 
ican Zinc, Lead Smelting Co., 
P. O. Box 495, East St. Louis, IIli- 
nois. 

Meyer, Secretary, St. Louis 
Metallizing Co., 625 South Sarah, 
St. Louis 10, Missouri. 


T-5D-8 Methods and Criteria for Eval- 
uating Plastics Chemical Environ- 
ment 

Clarkson, Chairman, Olin Ma- 
thieson Chemical Corp., Mathieson 
Building, Baltimore, Md. 

Lembcke, Cities Service 
R 2 


es. & Dev. Co., 920 East Third, 
Tulsa 3, Oklahoma. 


T-5E Stress Corrosion Cracking 
Austenitic Stainless Steel 


Miller Rogers, Chairman; Union 
Carbide Chemicals Co., Box 
Texas City, Texas. 

Kunkel, Vice Chairman; Cela- 
nese Corp., Box 148, Bishop, Texas. 


Prot 


Van Delinder, Chairman; Union 
Carbide Chemicals Co., Develop- 
Dept., South Charleston, 


Fenner, Vice-Chairman; Mon- 
santo Chemical Co., 1700 South 
Second St., St. Louis 4, Mo. 


T-6A Organic Coatings and Linings 
for Resistance Chemical Corrosion 


Munger, Chairman; Amercoat 
Corp., 4809 Firestone Bivd., South 
Gate, Cal. 

Van Delinder, Vice Chairman; 
Union Carbide Chemicals Co., De- 
Dept., South Charleston, 


J. I. Richardson, Secretary; Amercoat 
Corp., 4809 Firestone South 
Gate, Cal. 


T-6A-1 Heavy Linings 
H. C, Klein, Chairman; B. F. Good- 
rich Co., 500 South Main St., De- 
0716-Bldg. 25C, Akron, 
110, 


T-6A-2 Vinyl Coatings 
Tator, Chairman, 2020 Montour 
Street, Coraqpolis, Pa. 


T-6A-3 Vinylidene Chloride Polymers 


Brown, Chairman, The Dow 
Chemical Co., Midland, 


T-6A-4 Phenolics 


Forest Baskett, Chairman; Sheet Metal 
Engineers, Inc., Box 9094, Houston 
11, ‘Texas. 


T-6A-5 Polyethylene 


Van Delinder, Chairman, Car- 
bide & Carbon Chemicals Co., South 
Charleston, Va. 


T-6A-6 Rubber and Elastomers 


rich Co., 500 South Main St.; De- 
partment 0716-Building 25C, Akron, 


hio. 


T-6A-7 Silicones 


McFarland, Jr., Chairman, Hills- 
McCanna Co., 3025 N. Western 
Ave., Chicago, IIl. 


T-6A-8 Methyacrylates 
T-6A-9 Furanes 


T-6A-10 Polyesters 


D. D. Cone, Chairman; Texas Buta- 
diene Chemical Corp., Box 777, 
Channelview, Texas. 


T-6A-11 Epoxys 
Munger, Chairman, Amercoat 


Corp., 4809 Firestone Blvd., South 
Gate, Cal. 


T-6A-12 Fluorocarbons 


Nemours Co., Inc., Wilming- 
ton, Delaware. 


T-6A-13 Chlorinated Rubbers 
Appointment Pending 


T-6A-14 Organic-Brick Covered 


Hall, Chairman, Stebbins Engr. 
& Mfg. Co., 363 Eastern Blvd., Wa- 
tertown, 


T-6A-15 Rigid Vinyls 
C. G. Munger, Chairman; Amercoat 
Corp., 4809 Firestone Blvd., South- 


gate, Calif. 


T-6A-16 Coal Tar Coatings 

Pittman, Chairman, Koppers 
Co., Inc., Tar Products Div., Tech. 
Dept., Box 128, Verona, Pa. 


T-6A-17 Polyurethanes 

Fenner, Chairman, Monsanto 
Chemical Co., 1700 Second St., 
Louis, Missouri. 


T-6A-18 Hypalon 

J._R. Galloway, Chairman, Du- 
Pont Nemours Co., Inc., 1100 
Holcombe Blvd., Houston, Tex. 


T-6B Protective Coatings for Resist- 
ance Atmospheric Corrosion 

Howard Dick, Chairman, Products 
Research Service, Inc., Box 6116, 
New Orleans. 


T-6B-1 Linseed and Other Drying Oils 


Joseph Bigos, Chairman, Applied Re- 
search Laboratory, 
Steel Corp., Monroeville, Penn. 


T-6B-2 Ester Gum Oil 


R. L. Liston, Chairman, Cook Paint & 
— Co., Box 3088, Houston, 
ex. 


T-6B-3 Straight Phenolic Oil Varnish 


John Nee, Chairman, Briner Paint 
Mfg. Co., 3713 Agnes St., Corpus 
Christi, Texas. 


T-6B-4 Modified Phenolic Oil Varnish 
John Nee, Chairman. 


T-6B-5 Straight Alkyd Varnish 


G. G. Sward, Chairman, National 
Paint, Varnish Lacquer Associa- 
tion, 1500 Rhode Island Ave., Wash- 
ington, 


T-6B-6 Modified Alkyd Varnish 
Sward, Chairman. 


T-6B-7 Epoxy Esters 


T-6B-8 Epoxy (Amine Cured) 


Earl Gould, Chairman, Continental 
Oil Co., Harvey, La. 


T-6B-9 Chlorinated Rubber 


Otto Grosz, Chairman, The California 
Co., Box 128, Harvey, La. 


T-6B-10 Vinyls 
Robinson, Chairman, Conti- 


nental Oil Co., Maritime Bldg., 
New Orleans, La, 


T-6B-11 Metallic Silicates 


T-6B-12 Coal Tar 

Mitchell, Chairman, Reilly Tar 
Chem. Co., 1616 Merchants Bank 
Bldg., Indianapolis, Ind. 


T-6B-13 Asphalt 

Allen, Chairman, Anderson- 
Pritchard Oil Co., 1000 Liberty 
Bank Bldg., Oklahoma City, Okla. 


T-6B-14 New Developments 


Joe Rench, Chairman, Napko Corp., 
Box 14126, Houston, 


T-6C Protective Coatings for Resist- 
ance Marine Corrosion 

John Oliveira, Chairman; Bethle- 
hem Steel Co., Shipbuilding Div., 
Bethlehem Sparrows Point Shipyard, 
Sparrows Point 19, Md. 


T-6D Industrial Maintenance Painting 
Coffin, Chairman, The Dow 


Chemical Company, Bldg. 298, Mid- 
land, Mich, 


T-6D-1 Economics Maintenance 
Painting 
331 Thornton Ave., St. 


T-6D-2 Standardization Scope 
Painting Specifications 

Sline, Chairman, Sline 
Painters, 2162 Gulf Terminal D: , 
Houston, Tex. 


T-6D-3 Paint Programs 
Chemical Co., Freeport, Tex. 


T-6E Protective Coatings 
Production 
The Pure 


Rice, Chairman 
Wacker Drive, Chicago 


Dial, Vice-Chairman; The 
Pure Oil Co., Box 239, Houston, 
Texas. 


T-6F Protective Interior Linings, 
and Methods 

Cathcart, Chairman, Tank Lin 
ing Corporation, Washington 
Road, Pittsburgh, Pennsylvania. 

Gabel, The 
Dow Chemical Co., Midland, Mich. 

Cogshall, Secretary; Pennsalt 
Mfg. Co., Penn Center, Phila- 
delphia, Pa. 


T-6F-1 Curing 

Lefevre, Chairman; Metalweld, 
Inc., 2617 Hunting Park Ave., Phil- 
adelphia, Pa. 


T-6F-2 Surface Preparation 
angram, Chairman; 


Linco, 
6735 Avenue 


Houston, 
Texas, 


T-6F-3 Inspection 

- L, Barker, Chairman; Union Car- 
bide Chemicals Co., South Charles- 
ton, Va. 


T-6F-4 Safety 
(Chairman announced) 


T-6F-5 Application 


Inc., Woodbridge, 


T-6G Surface Preparation for Organic 
Coatings 

Joseph Bigos, Temporary Chairman; 
United States Steel Corp., plied 
Research Lab., Monroeville, 


T-6H Glass Linings and Vitreous 
Enamels 


Protective Coating Application 


T-6J Los Angeles Area, Protective 
Coating Application Problems 

Fred McConnell, Chairman, Serv- 
ice Coatings Corp., Box 
524, Wilmington, Cal 

Newell W. Tune, Vice-Chairman, L. 
A. Water & Power, 510 East Sec- 
ond St., Los Angeles, Cal. 

Jakway, Secretary, Bechtel 
Corporation, Box 58424, Los 
Angeles 58, Cal. 

Paul C. Briley, Assistant Secretary, 
National Lead Co., 3113 East 26th 
St., Los Angeles, Cal. 


Specification Writing 

Newell Tune, Chairman, Dept. of Wa- 
ter & Power, 510 East Second St., 
Los Angeles, Calif. 


Application Procedure 


Lacy, Chairman, Barrett Div., 
Allied Dye Corp., 923 East 
3rd St., Los Angeles, Calif. 


Inspection Techniques 


Flora Lombardo, Chairman, Coatings 
Fiberglass Res. Co., 5000 District 
Blvd., Los Angeles, Calif. 


(Continued Page 12) 
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What? Autograph piece pipe? 


Yes! The numbers stamped Hill-Hubbell pipe wrapping are the job number, specification and signature 
the man who inspected that pipe. When inspector signs pipe identifies the job and gives 
you his personal guarantee that the pipe protected perfectly. the ordered specifications. 

Hill-Hubbell inspectors use modern electronic testing equipment check every square inch every pipe 
before leaves the factory. the field the stamp identifies the pipe job and specification. Hill-Hubbell 
inspectors have autographed pipe for first, pioneered Hill-Hubbell. 


| | 
Specify Hill Hubbell 


(Continued From Page 10) 


T-6]-4 Cost Evaluation 


T. Doyle, Chairman, Furane Plastics, 
4516 Brazil St., Los Angeles, Calif. 


T-6K Corrosion Resistant Construc- 
tion With Masonry and Allied Ma- 
terials 

Pont de Nemours Company, Inc., 
Eng. Dept., 13W15 Louviers Bldg., 
Wilmington, Del. 


T-6R Protective Coatings Research 


Joseph Bigos, Chairman, Applied Re- 
search Lab., Steel Corp., 
Monroeville, Penn. 

J. H. Cogshall, Vice Chairman; Penn- 
salt Mfg. Co., 3 Penn Center Plaza, 
Philadelphia, Pa. 


Coordinating 


Erickson, Jr., Chairman; The 
Peoples Natural Gas Co., Two Gate- 
way Center, Pittsburgh 22, Pa. 

C. L. Mercer, Vice Chairman; South- 
western Bell Telephone Co., P. O. 
Box 58, Westfield, Texas. 


T-7A Northeast Region Corrosion 
Coordinating Committee 

C. A. Erickson, Jr., Chairman; The 
Peoples Natural Gas Co., Two Gate- 
way Center, Pittsburgh 22, Pa. 

L. Andrew Kellogg, Vice-Chairman; 
Niagara Mohawk Power Corp., 300 
Erie Blvd., West Syracuse, 


New Jersey Committee Corrosion 

J. C. Howell, Chairman; Public Serv- 
ice Electric & Gas Co of New Jersey, 
Testing Laboratory, 200 Boyden 
Ave., Maplewood, 

Bellassai, Vice Chairman; Trans- 
continental Gas Line Co., 
Box 251, Linden, N. J. 

J. A. Brower, Secretary; Public Serv- 
ice Electric & Gas Co. of New Jer- 
Wy 200 Boyden Ave., Maplewood, 


Greater New York Committee on 
Corrosion 

Hallowell, Chairman; Long 
Island Railroad, Long Island, 


Joseph Moriarty, Vice-Chairman; New 
York Telephone Co., New York, 


Western New York State Corrosion 
Committee 


Benson, Chairman, New York 
Telephone Co., Church St., 
Buffalo, New York 

R. L. Seifert, Vice-Chairman, Ten- 
nessee Gas Transmission Company, 
P. O. Box 98, Hamburg, New York. 

Varney, Secretary, Iroquois Gas 
Corporation, 365 Mineral Springs 
Road, Buffalo, New York 


Charleston Coordinating Committee 
Corrosion 


Fred W. Lloyd, Chairman, United 
Fuel Gas Co., 1700 MacCorkle Ave., 
S. E., Charleston 25, W. Va. 


Gosnell, Vice-Chairman, God- 
frey Cabot, Inc., Union Building, 
Charleston, Va. 


H. W. Hetzer, Secretary; Union Car- 
bide Chemicals Co., Division of 
Union Carbide Corp., P. O. Box 
8361, South Charleston, W. Va. 


Greater Boston Electrolysis Committee 


Elliott R. Perkins, Chairman; Protec- 
tion Engineer, New England Tele- 
hone & Telegraph Co., 185 Frank- 
in St., Boston, Mass. 


Sawyer, Vice Chairman; West- 
ern Union Telegraph Co., 230 Con- 


gress St., Boston, Mass. 


J.J. Molloy, Engineer, Secretary- 
Treasurer; Cambridge Electric Light 
ee 46 Blackstone St., Cambridge, 


Western Pennsylvania Corrosion Com- 
mittee 


F. E. Costanzo, Chairman; The Man- 


ufacturers Light & Heat Co., 253 
Ryan Drive, Pittsburgh 20, Pa. 


Picht, Jr., Vice-Chairman; 
American Telephone Telegraph 
Co., Pittsburgh, Pa. 

C. A. Erickson, Secretary; The Peo- 


ples Natural Gas Co., Two Gateway 
Center, Pittsburgh 22, Pa. 


Pittsburgh Corrosion Committee 


Rutter, Chairman; Equitable 
Gas Co., 420 Blvd. of the Allies, 
Pittsburgh, Pa. 

R.L. Smith, Vice-Chairman; Duquesne 
Light Co., 2101 Beaver Ave., Pitts- 
burgh, Pa. 


Steel, Secretary, The Bell Tele- 
Co. Pa., 416 Seventh Ave., 
ittsburgh 19, Pa, 


T-7B North Central Region Corrosion 
Coordinating Committee 


Paul C. Hoy, Chairman; Dayton Power 
Light Co., Main St., Day- 
ton, Ohio, 


Mandley, Vice Chairman, Mich- 
igan Consolidated Gas Co., 415 Clif- 
ford, Detroit, Mich. 


Chicago Area Committee Under- 
ground Corrosion 


Nichols, Chairman; Corrosion 
Engineer, Northern Illinois Gas Co., 
615 Eastern Ave., Bellwood, III, 


Svetlik, Vice-Chairman; Senior 
Electrolysis Engineer, Northern In- 
diana Public Service Co., 
Hohman Ave., Hammond, Ind. 


Bell Telephone Co., Midstate Divi- 
sion, 215 Randolph St., 7th 
Floor, Chicago, III, 


T-7C Southeast Region Corrosion Co- 
ordinating Committee 

Ernest Seay, Jr., Chairman, Ches- 
peake Potomac Co. Va., 
120 Bute St., Norfolk, Va. 

Hamel, Vice-Chairman; Com- 
monwealth Natural Gas Corp., Box 
2350, Richmond, Va. 


The Louisville (Ky.) Joint Electrolysis 
Committee 

Stuart Gates, Chairman, South- 
ern Bell Tel. & Tel. Co., Louis- 
ville, Ky. 

John L. Gray, Vice-Chairman, Louis- 
ville Gas & Electric Co., Louis- 
ville, Ky. 

Walter Zell, Secretary, Louisville Gas 
Electric Co., Louisville, Ky. 


T-7D South Central Region Corrosion 
Coordinating Committee 

O. W. Wade, Chairman, Transcon- 
tinental Gas Pipe Line Corp., Box 
296, Houston, Tex. 

Woody, Vice Chairman, United 
Gas Corporation, Box 2628, Hous- 
ton, Texas. 
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Here are facts Visco Corrosion Inhibitor costs 
wide variety producing oil and gas wells— 
probably some near with corrosion problems 
like yours. every well, Visco treatment only 
small fraction the cost corrosion damage 


untreated wells. 


Pumping 
Pumping 
Flowing 
Pumping 
Gas Lift 
Pumping 
Pumping 
Flowing 
Flowing 
Gas 
Pumping 
Pumping 
Gas 
Pumping 
Pumping 


Gas 


Pumping 


Pumping 
Pumping 


Pumping 


*Cost in cents per million cubic feet. 


For fast action sound, money-saving approach 
your downhole corrosion problems, call Houston, 
JAckson 8-2495, contact your Visco Field Service 
Man. 


WELL 
LOCATION 


East Texas 
Eastern Kansas 
West Texas 
Northern 
West Texas 
North Texas 
Eastern Kansas 
East Texas 


West Texas 
East Texas 


West Texas 
West Texas 


Northern La. 
Eastern Kansas 


Kansas 


East Texas 


East Texas 


East Texas 


Eastern 


PRODUCTS COMPANY 


CORROSION 


DAILY PRODUCTION 


Frequency 
of Visco 
Treatment 


times week 
Once a week 
Twice week 
Once day 
Once a day 
Once a day 
Twice week 
Once day 
Twice week 
Twice a week 
Every other day 


Every other day 


Once day 
Once a day 


Twice a week 


Sticks every 
other day 


Once a day 
Once a day 


Three times 
a week 


Once week 


INCORPORATED 


1020 


Houston 25, Texas 
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Stick type treatment 
easily applied through 
simple fitting added to 
well head. 


Cost of 
Visco Treatment 
per bbl of 
produced fluid 


Some producers mount 
pump and tank 
inhibitor small 
truck, make regular 
circuit of leases to 
pump inhibitor into 
their wells. 
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HYDROGEN ABSORPTION, 
EMBRITTLEMENT 
and FRACTURE STEEL 


Arnold Schuetz, Research Department, Bridgeport Brass Company, Bridgeport, Conn. and Robertson, Hammond 
Metallurgical Laboratory, Yale University, New Haven, Conn. 


Reprint 
Available Now! 
Per 


Copy 
Postpaid 


This 24-page illustrated report replete with figures 
and tables this basic research project’s findings. 


Basic Facts 
Mechanism 


Hydrogen Sulfide 
Stress Corrosion 


The findings 4-year inquiry into the 
fundamental reactions involved the so- 
called spontaneous fracture steel re- 
sult hydrogen absorption the presence 
sulfides. 


This project, supervised Technical Unit 
Committee Sulfide Stress Corrosion Crack- 

ing, was financed industrial firms concerned 
with this problem the expectation that un- 
derstanding the fundamental reactions involved 


Data this report are expected useful not only im- 
mediate steps reduce the losses due spontaneous failure 
but also foundation for subsequent inquiries into phe- 
nomena associated with hydrogen absorption and embrittle- 
To: Campbell, Executive Secretary COPY TODAY 
National Association Corrosion Engineers Publication 
(Please Print) sulfide environments are manufac- 
Name environment you will want copy 
and Street Name Postoffice Box No. 
Remittance Enclosed for: Add 65c per package all ad- NACE the 
Copies dresses outside the United States, 
Book Post Canada and Mexico for Book Post Understanding 


: 
‘ 

: 

: 

©. 


Photomicrograph U-85-3 shows typical 
area the microstructure observed 
the subject 5-inch wrought iron pipe. 


Metallurgical Report 2187—Underground Oil 


This report deals with the metallurgical examination .230%; Sulphur—.020%; Silicon—.120%; Iron Sili- 
length 5-inch wrought iron pipe, approxi- cate—2.82%. 


mately two feet (2’) long, submitted our labora- SUMMARY 
tory for investigation and comment. Results the laboratory examination serve 
General condition the as-received sample positive identification the subject sample 
shown large photograph above. Outer surface dis- wrought iron. The excellent condition this sample 


some few shallow corroded areas but was 
otherwise good condition. Inner surface the pipe 
sample was also excellent condition. 


after more than fifty years service noteworthy. 
This report offers documentary evidence wrought 
iron’s corrosion control undergound service. 


ROCKWELL HARDNESS Byers Company, Clark Building, Pittsburgh 22, Pa. 
ring was prepared for hardness de- *Name actual installation given request. 
terminations. Hardness values, taken around the Write for free cloth-bound book, “Wrought Iron: 
ring indicated B67 hardness typical Its Manufacture, Characteristics and Applications.” 
wrought iron pipe and lieu tensile properties 
showed that the strength and ductility were likewise 


CHEMICAL ANALYSIS 
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How you discipline delinquent water supply? 


Depends how misbehaves. fouls supply lines 
and equipment with corrosion, scale red water, for in- 
stance, alert operators look the corrective chemicals and 
specialized services Calgon Company. 

Every industry municipality that uses water can 
probably improve efficiency and save money through water 
treatment with Calgon chemicals from the protection 
distribution lines the stabilization minerals and 
control corrosion cooling and process water systems. 

countless industries, communities and homes, Calgon 
chemicals condition water against corrosion, scum, slime, 
scale, red water other unfavorable water reactions. 
They are widely used recirculating cooling systems, 


textile processing, municipal systems and manv other 
applications. 

See what Calgon can for you. Write phone for 
information how Calgon Engineering Service can help 
you solve your water problem. 


DIVISION CHEMICALS CONTROLS, INC. 
HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 
DIVISIONS: CALGON COMPANY, HALL LABORATORIES 
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cathodic 
protection 
service 


now 


the tape coatings 


You can rest assured that Polyken, distributed 
CPS, the answer your pipeline protective tape 
coating problems. Polyken, polyethylene 
film adhesived insulating tape, 
designed give positive anti-corrosion 
protection. Polyken available black gray. 
CPS new Protective Coatings Division has the 
know-how, materials and manpower best 
serve you any pipe coating problem. 


Specify Polyken and put these advantages work your next job. 


Substantial labor and equipment savings due simplified operation. 
Consistently high daily output means faster construction, lower costs. 
hot dope preparation—tape always ready for application. 
drying cooling time necessary. 
Application always uniform thickness and adhesion. 
Safe use—no fumes, burns, hazards people livestock. 


her Strategically located CPS warehouses and compact tape packaging reduce 
storing, shipping, handling costs. 

for For protective tape coating gathering lines, transmission lines, distribution lines 

elp —from 36"—specify POLYKEN the way! Consult your next job. 
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CORROSION 


non-profit, scientific and research association individuals 
and companies concerned with corrosion interested it, whose 
objects are: 


(a) promote the prevention corrosion, thereby curtailing economic 
waste and conserving natural resources. 


(b) provide forums and media through which experiences with corro- 
sion and its prevention may reported, discussed and published for 
the common good. 


encourage special study and research determine the fundamental 
causes corrosion, and develop new improved techniques for 
its prevention. 


(d) correlate study and research corrosion problems among technical 
associations reduce duplication and increase efficiency. 


(e) promote standardization terminology, techniques, equipment and 
design corrosion control. 


contribute industrial and public safety promoting the preven- 
tion corrosion cause accidents, 


(g) foster cooperation between individual operators metallic plant 
and structures the joint solution common corrosion problems. 


(h) invite wide diversity memberships, thereby insuring reciprocal 
benefits between industries and governmental groups well between 
individuals and corporations. 


incorporated association without capital stock, chartered under 
the laws Texas. Its affairs are governed Board Directors, elected 
the general membership. Officers and elected directors are nominated 
nominating committee accordance with the articles organization. 
Election the membership. 

Inquiries regarding membership, and all general correspondence should 
directed the Executive Secretary the administrative headquarters 
the National Association Corrosion Engineers 1061 Building, 
No. Main Street, Houston Texas. 
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Galvanic Corrosion Aluminum-Steel 
And Aluminum-Lead Couples 


Introduction 

ALVANIC CORROSION, 

various forms, undoubtedly the 
major single corrosion 
countered the aluminum industry 
marine applications where aluminum 
superstructures must joined steel 
hulls, soldered aluminum connections, 
stress corrosion problems, conduc- 
tor applications, etc. Despite the practi- 
cal importance these problems, rela- 
tively little basic research 
mechanism galvanic corrosion 
aluminum and its control means other 
than insulation has been carried out. 

remedy this, the author’s com- 
pany some three years ago initiated 
extensive investigation the mechanism 
galvanic corrosion aluminum 
coupled wide variety dissimilar 
metals. 

was decided the outset deter- 
mine galvanic current flow between 
parallel idealized plane electrodes using 
zero external resistance measuring 
techniques. was found ad- 
vantage use glass vacuum-tight cell 
which the atmosphere above the solu- 
tion and solution temperature could 
accurately controlled. Current flow 
measurements this type could then 
correlated with potential, electrode 
polarization data and weight loss data 
the dissimilar electrodes. This en- 
abled the investigator obtain over- 
all picture the reaction mechanism. 


*Department of Metallurgical Research, Kaiser 
— and Chemical Corp., Spokane, Wash- 
ngton, 


PRYOR* 


Aluminum-Steel Couples 


Research thus far 
most rapidly the study the alu- 
minum-steel and aluminum-lead couples. 


The aluminum-steel galvanic couple 
widely encountered practical ap- 
plications. chloride containing solu- 
tions, aluminum completely protects 
steel cathodically within the range 
0-14. The galvanic current and the cor- 
rosion rate the aluminum are 
minimum the nearly neutral 
range. these neutral values, the 
rate galvanic corrosion controlled 
the rate diffusion oxygen 
the steel cathode. Consequently, the gal- 
vanic current and the corrosion rate 
the aluminum are proportional the 
area the steel cathode and are in- 
dependent the area the aluminum 
anode. Factors increasing the access 
oxygen the cathode surface, such 
stirring and aeration, 
galvanic corrosion rate proportionately. 


Aluminum-Lead Couples 


Investigation the aluminum-lead 
couple interest connection with 
the performance aluminum painted 
with lead-based paints. Although paint- 
ing aluminum with lead-based paints 
would not recommended, none- 
theless occurs frequently the field. 
For reasons not previously the 
performance aluminum coated this 
manner has been extremely variable. 
The rate corrosion aluminum and 
the galvanic corrosion characteristics 
the aluminum-lead couple have been de- 
termined aqueous extracts from 
metallic lead, litharge, red lead and 
basic lead carbonate. The last three 


compounds are commonly used pig- 
ments lead-based paints. Only 
metallic lead and litharge extracts were 
the corrosion and galvanic corrosion 
aluminum more severe than that 
distilled water and only there was 
metallic lead deposited 
onto the aluminum. Both red lead and 
basic lead carbonate extracts were 
relatively harmless. 

lead-based paint, lead pigments 
reacted with the vehicle form lead 
soaps. Lead linoleate, ricinoleate and 
laurate would typical the soaps 
formed lead-based alkyd paints. 
Aqueous extracts from lead soaps ef- 
fectively inhibit the corrosion and gal- 
vanic corrosion aluminum, effect 
which also has been observed steel. 
However, inhibition occurs only the 
absence chloride sulfate ions and 
the presence even chloride 
ions causes severe corrosion, These ob- 
servations indicate that chloride 
sulfate ions are kept from the paint- 
metal interface, paints pigmented with 
red lead basic lead carbonate will 
compatible with aluminum. When small 
amounts chloride permeate the paint 
coating, the passivity the aluminum 
will broken down and severe corro- 
sion, and also galvanic corrosion, the 
aluminum will occur. 

The two phases the work gal- 
vanic corrosion outlined 
stitute only portion the overall 
planned However, 
building store basic information 
this type, the problem its various 
facets will become more subject effec- 
tive control the field. 
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The Oxidation 


JONES, CAPT. MOSHER, RUDOLPH SPEISER and SPRETNAK 


Introduction 


STUDY the oxidation molyb- 
denum complicated the fact 
that many oxides molybdenum have 
been shown reliably exist. The com- 
pounds molybdenum and oxygen 
MowWu, MosOs;, MowOrs, "MonOz, 
and oxides molybdenum, 
and Many these oxides are 
part homologous with the 
general formula However, re- 
search investigating the 
nature and composition the oxide 
scales and films forming molyb- 
denum moderate and elevated tem- 
peratures have reported only 
MoOs, and several oxides” whose com- 
positions lie between and MoOs 
and which may well part the 
series 

Molybdenum (MoO:) has 
powder, violet crystalline powder, 
and substance forming dark blu- 
ish-violet prisms which appear pale 
violet-red transmitted light. The 
density lies between the values 
6.34 and 6.47. The crystal lattice 
the rutile type with two molecules 
the unit cell.” reduced hydro- 
gen the metal without the forma- 
uble cold hot water and slightly 
soluble hot concentrated sulfuric 
acid. 

the end product the complete oxi- 
dation molybdenum stable white 
powder which often has tinge blue 
green due the presence minute 
ence states. 

red heat, turns yellow, but 
upon cooling its original color 
stored. decidedly volatile, fum- 
ing visibly 1292 (700 C). 

The vapor pressure given 
Kelly™ for the reaction: 


(s) MoOs (g) 


—15,110 
log P(atm) +1.46 log 


1.32 10° 9.071 and for the reac- 
tion: 


* Submitted for publication April 26, 1957. 
A paper presented at the Thirteenth An- 
nual Conference, National Association of 
Corrosion Engineers, St. Louis, Missouri, 
March 11-15, 1957. 


™ Magneli and others at the University of 
Upsala, Sweden have demonstrated the ex- 
istence of a number of oxides with the stoi- 
oxides MoOz and MoQOs3. The MoxOsx-1 com- 
pounds are composed of tetrahedra and octa- 
hedra of oxygen atoms with a Mo atom in 
the center (valence 4 or 6) with these struc- 
tural units being combined in varying pro- 
portions with varying numbers of ‘‘edge’’ or 
“vertex” joining (i.e.. greater or lesser shar- 
ing of oxygen atoms between the tetrahedra 
and octahedra). Generally the unit celis are 
large and have low symmetry. 


log P(atm) 


The melting point 1462 
ature 4492. Sublimed forms 
rhombic tablets and needles and X-ray 
indicate that the unit cell 
contains four molecules The 
formula for the 
have the value and 


Quantitative study the oxidation 
molybdenum has been pursued 
number 
Gulbransen and his meas- 
ured the rate oxidation the pres- 
gen. substantial increase oxidation 
rate was observed with increase 
either temperature pressure. low 
pressures and times less than hour, 
molybdenum oxidizes according para- 
bolic rate law. Below 842 (450 C), 
the oxide formed thin surface film 
above 842 (450 C), 
forms with associated increase 
dation rate; with extended test times the 
oxidation curve deviates from the para- 
bolic, although the coatings remain par- 
tially protective. The rate for 
the parabolic oxidation molybdenum, 
tungsten and iron 7.6 oxygen 
pressure and 450 are 1.67 
and 0.334 per cm) per 
sec, respectively. 

Peterson and Fassell™ studied the 
oxidation molybdenum high pres- 
sures 47.6 atm oxygen) the 
temperature range 932 (500 
1292 (700 C). The only oxidation 
product observed under 
tions Above 976 (525 the 
oxidation rate becomes sensitive 
pressure, increasing with 
pressure; nearly all temperatures 
and pressures the oxidation linear, 
indicating non-protective coating. 
However, 
1202 (650 and 1292 (700 


parabolic oxidation rate was observed 


these investigators low pressures, 


changing gradually linear rate 
higher pressures. 

reports that data prior 
1950 the oxidation molybdenum 
air function temperature are 
scanty. noted that the oxidation 
rate not only increases with tempera- 
ture but that during the course 
test given temperature, also may 
increase with time. This phenomenon 
may correspond the “self-heating” 
due the exothermic heat reaction 
1292 (700 C). Lustman also reported 
that above the melting point moly- 
bdenum trioxide, 1462 (795 C), es- 
sentially constant rate oxidation ob- 
served. 


Abstract 


Scale formed upon molybdenum 
consists either two three oxide 
layers., depending upon temperature 
and time. The outermost layer the 
volatile MoOs3. The inner layers of 
oxide have composition very close 
but not exhibit X-ray 
pattern corresponding 

The rate of evaporation of MoO3 
and the mechanism molybdenum 
oxidation were determined. was 
found that after initial parabolic 
dependence of weight change upon 
time the rate oxidation became 
linear, This is due to the fact that the 
outer MoQOgs layer is non-protective so 
that the rate oxidation the sub- 
oxide to the trioxide at the suboxide- 
trioxide interface is equal to the rate 
diffusion oxygen through the 
suboxide film the metal-suboxide 
interface. was also found that the 
presence of liquid MoQOgs increased the 
rate oxidation molybdenum. 


Simnad and have studied 
the mechanism the oxidation 
molybdenum pure oxygen one 
atmosphere the temperature range 
932 (500 1292 (700 C). They 
found that the vaporization MoO; 
from the surface oxidizing speci- 
men into pure oxygen atmosphere 
linear with time, with activation 
53,000 cal per mol below 
1202 (650 and 89,600 cal per mol 
temperatures above 1202 (650 C). 
Simnad and Spilners found that low 
temperatures the formation 
parabolic and higher temperatures 
linear. The suboxide thickness does 
not increase beyond very small critical 
thickness. temperatures above 1327 


Nichrome Wire 
Balance Stand 


Platinum Wire 


Specimen (}" wide 
by 2° lomg) 


Weight 


Figure 1—Schematic diagram apparatus used for 
measuring oxidation rates. 
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F £. S. JONES is a metallurgist with the General Electric 


Company, Cincinnati, Ohio. He received a BS in 
metallurgical engineering from the University of Ken- 


} tucky in 1948 and a masters degree from Ohio State 


University three years later. He was formerly an alloy 
development engineer with Haynes Steilite Company, 
Kokomo, Indiana. Since 1951 he has held positions of 
materials engineer and supervisor of high temperature 
illoy development with the General Electric Company, 
\ircraft Gas Turbine Division, Cincinnati, Ohio. 


Mosher 


(725 catastrophic oxidation auto- 
catalytic nature was encountered them. 

This research reports the results 
extensive made the oxida- 
tion molybdenum air. 


Apparatus and Experimental Procedure 


Molybdenum samples the form 
sheet and wire were heated still 
air and metered moving air. The 
wire from one pan chainomatic 
balance (with sensitivity 0.05 mg) 
were weighed intervals during 
run (see Figure 1). The air passed 
over the sample was first dried 
passing through drying 
taining anhydrous calcium sulfate and 
phosphorous pentoxide and 
heated lower part the furnace 
fore being passed over the sample. 
The temperature the sample was 
percent rhodium thermocouple and 
the temperature the sample was 

Commercially pure wrought and an- 
nealed molybdenum sheet, inch inch 
inch, and wire specimens, 
and mils diameter and 
inches long were used for the oxida- 
tion experiments. The chemical com- 
the sheet and wire was 
molybdenum, 99.9 percent; iron 0.005 
percent; carbon 0.003 percent. These 
samples were prepared for oxidation 
cedure: 


Pickle nitric acid (30 per- 
cent weight 


water. 
Wash boiling normal 


Wash distilled water. 


Store under acetone until ready 
for testing. 


THE OXIDATION MOLYBDENUM 


RUDOLPH SPEISER associate professor 
lurgy at Ohio State University, Columbus, Ohio. From 
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Department of Agriculture in Philadelphia, Pa. From 
1946 1948 was associate supervisor high tem- 
perature research the Cryogenic Laboratory Ohio 
State University, and in 1948 served as a lecturer in 
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the Oxidation Molybdenum.” 


Spretnak 


all times the specimens were han- 
dled with tweezers prevent surface 
contamination. Treatment the sam- 
ples the above procedure yielded 
samples which gave reproducible rates 
oxidation. 

Cast cylinders pure solid MoOs 
(analytical grade, anhydrous 
inch inches long were 
used determine the rate sublima- 
tion The samples were sus- 
pended with platinum wire tied 
around the sample. The 
tion rates were measured with the 
same equipment used measure rates 
oxidation, the weight loss the 
specimen being measured time inter- 
vals constant temperature. 

those temperatures where the 
ciable, was necessary remove con- 
densed from the suspension wires 
before weighing. This was accom- 
plished small loop fashioned from 
platinum wire which could raised 
and lowered from the top the reac- 
tion tube the sample. The loop en- 
circled the suspension wire 
factorily removed any crystals 
that were clinging the suspension 
wires. long time tests, eight 
more hours, the sample and wire could 
removed and cleaned and replaced 
the reaction tube less than sec- 
onds, which was small period time 
compared the duration oxida- 
tion test. 

technique had developed for 
the preparation the molybdenum 
oxide scale for metallographic exam- 
ination. The commercial resin 
108” which the uncured form 
and hardened through the ad- 
dition accelerator and catalyst, 
without requiring the use heat 
pressure, was used mount the speci- 
mens. this way the brittle and frag- 
ile oxides the surface the sam- 
ple were not damaged during the 
mounting and polishing operation. 

Considerable polishing experimenta- 
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Weight Change (mg. em) 


Figure 2—Rate of sublimation of MoO; at several 
temperatures. 


tion was required evolve success- 
ful technique prepare specimens for 
satisfactory metallographic examina- 
tion. The polishing procedure finally 
adopted was follows: 


After being mounted, specimens 
were lightly rough polished 
No. 120 grit abrasive belt (dry). 


Specimens were hand 
emery papers, 1/0 through 3/0. Only 
few strokes were necessary 
each paper change the direction 
the scratches resulting from the 
previous paper. 


The specimens were final polished 
high speed wheel covered with 
“Miracloth.” Rouge was used the 
polishing agent. few drops 
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Figure 3—Plot logarithm the rate sublima- 
tion of MoO; versus the reciprocal of the absolute 
temperature. 


TABLE 1—Rates Sublimation MoO; 


Temperature, | Temperature, | k3, mg/cm?/ 


Degrees F Degrees C Min. 
1000 538 0.00341 
1200 649 
1300 704 0.237 
1400 760 3.710 


aqueous solution chromic acid 
(10 percent) and phosphoric acid 
tently during the operation. This 
solution acted mild etchant 
the unoxidized portion the 
molybdenum specimen and revealed 
its structure clearly without notice- 
able effect the oxide layers. 
Water was added sparingly the 
wheel, previous experience having 
shown that water large quanti- 
ties tended loosen and remove 
oxides from the surface the speci- 
men. 


Results and Discussion 


pressions for the kinetics oxidation 
molybdenum cannot made with- 
out accurate estimate the MoO; 
volatilized during oxidation experi- 
ment. Consequently the rate subli- 
temperatures was measured cast speci- 
mens pure procedures de- 
scribed previous section this 
paper. The results these experiments 
are given Figure and Table 
Obviously, the rate sublimation 
constant all temperatures ex- 
pected, 

The logarithm the rate constant 
plotted against the reciprocal the 
absolute temperature Figure The 
data this research are compared 
with the data Simnad and Spilners.” 
break the curves both re- 
searches seems occur about 1202 
(650 C). Above 1202 (650 the 
activation energy sublimation 
measured this research 85,800 cal 
per mol; this compared 


Figure 4—Sheet specimen oxidized 50 minutes at 1060 F (571 C). Section was taken parallel to rolling 
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direction showing layer of MoOs and layer of oxide “’B’ in contact with metal surface. Small rupture in 
surface of MoO; layer is evident. Original magnification, 600X; actual magnification after reduction for 
engraving purposes, 465X, 


Figure 5—Sheet specimen oxidized four hours 1060 (571 C). oxide and oxide apparently 
coexist this stage oxidation. Original magnification, 600X; actual magnification after reduction for 
engraving purposes, 450X. 


89,600 cal per mol measured Sim- 
nad and Spilners. The agreement 
excellent considering the difference 
the two methods determining the 
rates sublimation. Simnad 
ners estimated the rate vaporization 
directly from oxidizing molybdenum 
samples making material balance 
and computing the amount MoO; 
which must have oxidized away, 
whereas this research, the sublima- 
tion rate pure solid was di- 
rectly measured. Below 1202 (650 
the sublimation activation energy 
much lower; 53,000 cal per mol 
measured Simnad and Spilners and 
50,800 cal per mol, the range 887 
(475 976 (525 C), reported 
Gulbransen. change the mech- 
anism vaporization must 
take place about 1202 (650 C). 
This change possibly due crys- 
tal structure change that under- 
goes the neighborhood this tem- 
perature since observed that 
turns from white yellow 
ing red heat and then turns from 
yellow white again 
The explanation offered Simnad 


and Spilners that this change the 
change the oxidation mecha- 
correct, since this change observed 
with pure The converse 
course possible (i.e., that the change 
mechanism sublimation can lead 


Metallographic Observations. The 
surface inward rate process and 
not equilibrium process, therefore 
would expected that several 
layers oxide would coexist the 
molybdenum. surface. Surface phases 
such as: 


lower oxide 
metal with oxygen molybdenum 


can inferred from the gradient 
oxygen activity. molybdenum sheet 
sample that has been oxidized min- 
utes 1060 (571 shown Fig- 
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figure 6—Metal-oxide interface of sheet specimen 

oxidized for 48 hours at 1060 F (571 C). Original 

magnification, 500X; actual magnification after re- 
duction for engraving purposes, 


ire The oxide the surface the 
specimen made least two 
separate phases. The outer oxide phase 
(light scale) oxide “B” (MoOz 
metal core. small rupture 
can seen the surface the 
scale. Immediately under this break, one 
can see small crystal oxide “A” 
(MoOz’ where Initially 
when the oxide thin and coher- 
ent that protective and the avail- 
able oxygen concentration under the 
low, oxide “A” formed. How- 
ever, when the layer thickens and 
cracks the oxide film defective 
due some other cause such 
eruption the film shown Figure 
more oxygen available and oxide 
“B” formed. sheet specimen oxi- 
dized for four hours 1060 (561 
shown Figure Oxide “A” and 
oxide “B” and coexist this stage 
the oxidation and clear that 
oxide “B” the region higher 
oxygen concentration. After hours 
oxidation 1060 (571 C), oxide “B” 
completely consumed and transformed 
into oxide “A”; this behavior can 
deduced from Figure 

The operation rolling molybdenum 
sheet not only leads orientation ef- 
fects, but also leads 
geneity the oxidation the sheet. 
This effect evident Figure 
which section perpendicular the 
rolling direction shows and layer 
oxide “B” surrounding slivers un- 
oxidized metal. This probably due 
impurities picked the surface 
the metal during rolling. Figure 
low magnification micrograph the 
surface the oxide formed after short 
oxidation times, Small, pyramid-shaped 
“eruptions” may seen occur 
the surface the layer. addi- 
tion, dark streak parallel the di- 
rection rolling the sheet present 
which free These streaks 
are visually apparent the surface 
specimens oxidized for short periods 
time and gradually disappear the time 
exposure oxidation increased. 
(This behavior can eliminated the 
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Figure 7—Sheet specimen oxidized two hours at 1060 F (571 C). Section was taken perpendicular to rolling 
direction showing MoO: and layer of oxide ‘’B’’ surrounding fragments of metal. Original magnification, 
600X; actual magnification after reduction for engraving purposes, 560X. 


procedure for sample preparation for 
oxidation rate measurements followed 
described the previous section.) 

photograph the general appear- 
ance the sheet specimens before and 
after oxidation included Figure 
specimen the yellowish outer layer 
has been removed immer- 
sion the specimen concentrated 
NH,OH, revealing the dark inner layer 
sheet specimen from which the 
layer has been stripped shown Fig- 
ure 10. Crystals adherent, columnar 
oxide “A” remain the specimen and 
the finger-like projection this oxide 
into the metal clearly shown high 
magnification Figure 11. 

The structure the scale molyb- 
denum sheet oxidized 1150 (621 
for four hours shown Figure 12. 
The pronounced granular appearance 
the outer layer indicates that 
crystal growth the phase has 
occurred this temperature resulting 
porous oxide contrast the 
dense and more protective MoO; formed 
lower temperatures. 


X-ray Diffraction Studies the Oxidation 
Products 

The yellowish outer oxide formed 
oxidized specimens was identified be- 
ing molybdenum trioxide Posi- 
tive identification was made compari- 
son with patterns obtained from chemi- 
cally pure molybdic anhydride and 
comparison with diffraction data given 
for the oxide ASTM standard card 
No. 1-0706. The sublimed yellowish- 
white crystal condensate deposited upon 
the furnace walls was also identified 
MoOs. Diffraction patterns obtained from 
the bluish-black, columnar oxide crys- 
tals (oxide “A”) have not been identi- 
fied yet composition. X-ray pat- 
terns this oxide while still adhering 
the metallic substrate (after the re- 
moval the layer with concen- 
trated NH,OH) reveal the presence 
weak molybdenum lines which may 
due the presence unoxidized metal 
which are entrapped during the growth 
the suboxide (see Figure 7). Photo- 


Figure 8—Photomicrograph of the surface of a sheet 

specimen oxidized 50 minutes at 1060 F. (571 C). 

Small “eruptions” on the surface of MoOs are evident 

dark streak parallel the rolling direction. 

Oblique lighting. Original magnification, 100X; 

actual magnification after reduction for engraving 
purposes, 50X. 


grams this oxide after mechanical re- 
moval from the specimen also reveal the 
presence weak molybdenum lines, 
thus eliminating the possibility these 
lines being obtained from the substrate. 


The patterns for oxide “A” not 
check with those reported for molyb- 
denum dioxide (ASTM card No. 
2-0422) nor could the data given 
Hickman and Gulbransen” correlated 
with the present results. Hagg and Mag- 
report number subox- 
ides the type but unfortu- 
nately they not report the “d” spac- 
ings. Thus intercomparisons cannot 
made with the suboxides this 
research. 
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Figure 9—A—sheet specimen before oxidation; B—specimen oxidized 20 hours at 1060 F (571 Cc); C— 


specimen oxidized hours 1060 (571 C). Outer layer was removed immersion specimen 


Diffraction patterns which represent 
oxide “B” have been obtained. How- 
ever, attempts completely separate 
oxide “B” from oxide “A” have been 
unsuccessful and efforts obtain 
sharp diffraction pattern from the black, 
finely granular oxide 
with the metallic substrate also have 
been unsuccessful. 


diagram showing the relative line 
spacings and intensities obtained from 
various diffraction patterns shown 
Figure 13. can seen that neither 
oxide “A” nor oxide “B” have patterns 
even remotely resembling fact, 
MoO, was never observed any the 
many samples molybdenum that were 
oxidized air this laboratory. 
(in appreciable quantities) has been 
found this laboratory” only ternary 
systems such Mo-Ni-O. should 
mentioned that principle layer 
should exist adjacent the metal, but 
apparently this layer too thin 
detect. 

Examination back reflection X-ray 
diffraction patterns obtained 
surface sheet specimens indicate that 
exists, the pole figures general be- 
ing agreement with the results re- 
ported Semschyshen and 
This condition believed 
ence the formation the dark streaks 
that are visible the surface, par- 
allel the direction rolling (Fig- 
perature range 975 (524 
1150 (621 C). Segregated impurities 
molybdenum dirt the surface 
the rolls which become elongated 
the direction rolling also may con- 
tribute the occurrence these small 
areas which seem temporarily resist 
oxidation. 


Rate Measurements. Oxidation tests 
molybdenum sheet were carried out 
the methods described the pre- 


concentrated 


TABLE 2—Oxidation 0.010 Molybdenum 
Sheet Still Air 


Temp., Temperature,| Relative Rates 
Degrees F Degrees C of Oxidation 
1300 701 
1500 816 42.5 
1800 983 39.5 


vious section. log-log plot weight 
gain versus time for the oxidation 
molybdenum sheet 975 (524 
shown Figure 14. (The log-log plot 
used for convenience.) Examination 
the rectilinear plot shows that initially 
the oxidation curve 
lowed interval where the rate 
oxidation increases constant rate 
which then persists the end the 
test. This behavior can interpreted 
assumed that initially the sub- 
oxide “B” and the outermost oxide 
scale are protective that the 
observed weight gain parabolic; then 
the oxidation proceeds, oxide “B” 
converted into oxide which less 
protective (i.e., oxygen ions diffuse more 
rapidly through oxide “A” than through 
tive because has thickened point 
where cracked and fissured. Con- 
sequently, the rate 
constant after hours. Oxide “A” 
converted into non-protective 


constant rate because the partial pressure. 


oxygen constant. evaporates 
constant rate. Futhermore, since 
oxide “A” can form only concentra- 
tions oxygen above critical con- 
centration, the path length for diffusion 
oxygen constant, hence the rate 
The rate oxidation molybdenum 
sheet, corrected for the volatilized 
away during oxidation tests various 
temperatures, shown Figures 
and 16. all cases seen that the 
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1060 * (571 C), from which the MoOs layer has 
NH:OH. Crystals of oxide remain on specimen. 
Original magnificat:on, 250X; actual magnification 
after reduction for engraving purposes, 110X, 


Figure magnification view columnar 
crystals oxide showing penetration into metal 
surface. Sheet specimen was oxidized 20 hours at 
1060 (571 C). Original magnification, 1080X; actual 
magnification after — for engraving purposes, 


Figure 12—Oxide formation specimen oxidized 
four hours at 1150 F (621 C). Crystals of MoOs on 
the surface have a markedly granular appearance. 
Original magnification, 600X; actual magnification 
after reduction for engraving purposes, 240X. 


latter part the oxidation curve 
linear. 


Molybdenum trioxide melts 1463 
(795 and the 
melts 1432 (778 C); therefore, 
1500 (816 the oxidation molyb- 
denum occurs the presence liquid 
MoO; and the liquid eutectic mixture. 
may observed Figure that 
only 0.5 percent the total oxide 
formed (at 1500 (816 remains 
the surface the specimen the con- 
clusion the test, the remainder having 
volatilized away. Compare this figure 
with results for 1300 (704 C), 
percent. Upon withdrawing 


Figure 10—Sheet specimen, oxidized 20 hours at 
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men from the hot zone, the oxide the 
surface freezes instantly into “frost- 
like” pattern steel-gray crystals. Ox- 
idation the specimen the lower 
edges where the molten oxide tends 
gather greatly accelerated; thus 
that the presence liquid molyb- 
denum oxides greatly acceierate the 
oxidation reported Rathenau and 

higher temperatures, 1800 
(938 C), MoOs volatilizes away rapid- 
liquid oxides present the 
surface and the rate oxidation 
actually slightly lower 
this temperature than 1500 
C). This can seen clearly 
‘able where the rates oxidation 
relative the rate 1300 (704 
ore listed. also evident from these 
that the influence liquid oxides 
the oxidation rate molybdenum 
considerably greater influence than 
the effects due the dissociation 
the dissociation MoO, 
should greatly increased with in- 
crease 


Mechanism Oxidation. ascertain 
vhether the oxidation molybdenum 
proceeded the migration molyb- 
denum ions through the oxide the 
oxide-air interface the diffusion 
oxygen ions through the oxide the 
metal-metal oxide interface, 
experiments with inert chromium oxide 
were carried out. thin coat- 
slurry molybdenum sheet and wire 
specimens and allowed 
oxidation testing. all cases was 
found that the deep green re- 
mained the outer oxide surface; 
instance was the coating en- 
veloped the oxide formed oxida- 
tion proceeded. Simnad and 
obtained similar results 
active silver marker. These experi- 
ments indicate that the oxidation 
initiated and then proceeds the metal- 
oxide interface through the diffusion 
oxygen ions the metal-oxide 
interface. 

Further evidence support this 
assumption can obtained com- 
paring the oxidation iron wire the 
oxidation molybdenum wire. the 
case iron, well established that 
iron ion diffusion through FeO the 
interface™ controls the ox- 
idation iron.” dramatic illustration 
this difference mechanism illus- 
trated Figures and which com- 
pare partially oxidized molybdenum 
and iron wire. can seen that the 
outer oxide split and fissured 
and longer protective. coherent 
suboxide layer surrounds the sound 
molybdenum metal core. contrast, 
evident that the metal the iron 
core has been depleted, the migration 
the iron ions through the oxide lead- 
ing void the iron core through 
the condensation vacancies. 

Quantitatively the oxidation molyb- 
denum can described follows, 


@) In the Fe30,4 both iron ions and oxygen ions 
are diffusing, whereas in the outermost FeO; 
scale, oxygen is rapidly diffusing to the Fe304/ 
interface. 
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Figure 13—Comparison of X-ray diffraction patterns (schematic). Relative intensity is plotted vertically. 


Rate increase sample weight 
(Rate formation suboxide, 
MoO; from (Rate 


Symbolically, this relation can written 


f. 


(1) 


constant temperature, the rate 
sublimation constant; there- 


constant. the region where the oxida- 
tion curve linear, the outer 
oxide layer non-protective. There- 
fore the partial pressure oxygen 
constant the interface, 
and since the MoO, concentration also 
does not change this interface, 
d(MoO;)/dt kz, being constant. 

The partial pressure oxygen must 
fall from its value the 
interface that the dissociation pres- 
sure MoO, the inter- 
face. The thickness the MoO, layer 
depends upon the rate diffusion 
the oxygen ion through the suboxide 
and the assumption made that the 
rate oxidation molybdenum the 
suboxide fast compared the rate 
diffusion the oxygen ion, the 
thickness the suboxide will remain 
constant during oxidation test 
fixed temperature. This means that the 
path length for diffusion the oxide 


(3) Although a MoOz oxide layer has not been 
observed in metallographic examination, a 
layer of MoO:, too thin to be observed, must 
be present in the scale. This is the case even 
after very long periods of oxidation, conse- 
quently it would cause little error to omit 
MoO: from consideration in equation 1, 


Weight Goin ( gm /in®) 10% 


Figure 14—Log-log plot the oxidation 10-inch 
fansteel molybdenum still air 975 
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Time (hr) 


Figure 15—Rate formation and evaporation 
1200 (649 C). 


ion will constant. This behavior 
observed 
when the oxidation curve becomes linear 
means that steady state with respect 
the MoO, concentration must es- 
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Figure 16—Rate of oxidation of molybdenum sheet 


1300 (704 C). 


result these considerations, 


equation (1) can now written 


dt — falc. — taks (2) 


which the equation straight line 
and conforms the experimental be- 
havior exemplified Figures and 16. 


The first part the oxidation curve 


has form that indicates that the initial 
function the thickness the suboxide 
and scales. The initial form the 
curve Figure can taken into 
account equation (5) term in- 
volving the conversion MoO, into 


MoO,’ 


(conversion oxide “B” into 


oxide “A”) included where the rate 
constant replaced rate con- 


Summary 


The oxidation molybdenum the 


temperature range 900 (482 
1800 (983 has been studied. 


Three separate oxide phases were ob- 


served exist the surface speci- 
mens oxidized under certain conditions 
time and temperature. The outer 
oxide the inner suboxides 
yield X-ray patterns differing from 
that for 


The rate sublimation has 


been determined several tempera- 
tures. 


Presence liquid and/or liquid 


face oxidizing specimen greatly 
increases the rate oxidation 
molybdenum. 


Initially the oxidation molybdenum 


parabolic changing ultimately 
constant rate. The detailed character 
the oxidation curve depends upon 
time, temperature and sample history. 


mechanism for the oxidation 


molybdenum given. 
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Figure 17—Percentage total oxide remaining sample function time and temperature. 


Figure 18—Molybdenum wire (0.050 inch diameter) 
oxidized 66 hours at 1060 F (571 C). Extreme condi- 


Navy. 


tion of splitting of MoO: layer is shown. 


The authors also wish ac- 


knowledge the invaluable assistance 
Dr. William Larsen the success 
this research. 


14, 


References 


.N. Schonberg. Acta Chem. Scand., 8, 617 


(1954) 


ee Hagg and A, Magneli. Arkiv Kemi Min- 


eral Geol., 19A, No. 2 (1945). 


- A. Magneli. Acta Chem. Scand., 2, 861 


(1948) 


oa, Magneli. Acta Chem. Scand., 2, 501 


(1948). 


. A. Magneli. Research, 5, 394 (1952). 
. B. Blomberg, L. Kihlborg, and A. Magneli. 


Arkiv Kemi, 6, 133 (1953). 


.L. Kihlborg and A. Magneli. Acta Chem. 


Scand., 9, 471 (1955). 

. Berkowitz, M. G. Inghram and W. 
Chupka. Mass Spectrometric Study of Molyb- 
denum Oxide Vapor. Paper presented before 
the Spring Meeting of the American Physical 
Society, 1956. 


. A. Magneli, Acta Cryst., 6, 495 (1953). 
. J. W. Hickman and E. A, Gulbransen. Met. 


Tech., 14, TP2144 (1947). 


Gulbransen and Wysong. Met. 


Tech., 14, TP2226 (1947). 


. E. S. Jones, A Study of the Oxidation Char- 


acteristics Molybdenum Tem- 
peratures, MSc Thesis, The Ohio State Uni- 
versity, 1952. 


norganic and Theoretical Chemistry, (1931), 
Vol. 
Killeffer and Linz. Molybdenum 
Compounds, Interscience Pub., New York 
City (1952). 


14a. K. K. Kelley. U. S. Bureau of Mines, Bulle- 


15. 


16. 


tin 383, (1935), page 71. 

A. Magneli. Arkiv. Kemi, Mineral Geol., 
24A, No. (1946). 

F. M. Jaeger and H. C. Germs, Zeitschr. 
Anorg. Chem., 119, 145 (1931). 


Figure 19—Oxide formed heating iron wire 


dry oxygen for hours 1500 (816 


Brakken. Kryst., 78, 485 (1931). 
. N. Wooster. Z. Kryst., 80, 504 (1931). 
. B. Lustman,. Met. 
. J. F. Mosher. The Kinetics of the Oxidation 


Prog., 57, 629 (1950). 
of Molybdenum. MSc Thesis, The Ohio State 


University, (1953). 


versity Utah). High Pressure Oxidation 
Metals: Molybdenum in Oxygen, Tech. Re- 
port VI, Army Ordnance Contract DA-04-495 
ORD-237, September 1, 1954. 


Simnad and Spilners. AIME, 


203, 1011 (1955). 
Larsen. The Oxides and Oxidation 
Molybdenum-Nickel Alloys. 
tion, The Ohio State University, 1956. 


.M. Semchysen and G. A. Timmons. Trans. 


AIME, 194, 279 (1952). 


.G. W. Rathenau and J. L. Meijering. Metal- 


lurgia, 42, 167 (1950). 
Leslie and Fontana, Trans. 


ASM, 41, 1213 (1949). 
Pfeil. Journ, Inst. Metals, 119, 501 


(1929). 
Trans, AIME, 171, 130 (1947). 


Dunnington. The Mechanism Scale 


Formation on Iron at High Temperatures. 
PhD Dissertation, The Ohio State University, 
(1951). 


DISCUSSION 


Question Thomas Hoffman, Phil- 


lips Petroleum Company, Atomic 
Energy Division, Idaho Falls, Idaho: 


Can you report the solubility MoOs 


chemicals other than 


tions? 


Reply Capt. Mosher: 


The solubility other sol- 


vents was not determined. 
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The Effect NO, and 


Introduction 


ROLE nitrous acid the 

corrosion iron nitric acid has 
the subject number papers. 
brought out that 
concentrated HNOs. The nitrous acid 
cts cathodic depolarizer, and while 

may lower the redox potential the 
nitric acid slightly, the net effect 
the anodic current density 
the level required for passivation. 


Uhlig and also have con- 
tests showing that nitrous acid 
the reactions leading the 
‘ormation the passivating film iron 
nitric acid solutions. They showed 
‘hat the addition urea hydrogen 
peroxide nitric acid will prevent the 
passivation iron. Urea reduces 
and prevents the reduction 
HNOs 


Stainless steeis are passive solu- 
tions nitric acid over the whole range 
concentrations from zero the fum- 
ing grades. However, stainless 
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Figure 1—Solution potential measuring equipment. 
Code to letters is as follows: A—L and N student 
potentiometer Model No, 7651; B—Variable resist- 
ance box; C—Epply standard cell; D—Rubicon light 
galvanometer catalogue No. 34014; E—10,000 ohm 
resistor; F—stainless steel specimen; G—Ten percent 
sulfuric acid solution; H—KCI salt bridge; I—satu- 
tated KCI solution; J—saturated calomel half cell. 


percent solution sulfuric acid, depend- 
ing the history the surface the 
steel. Pickled surfaces subsequently ex- 


air are passive while abraded 


surfaces are active. This paper describes 
the effect nitric oxide, HNO:, and 
HNOs the corrosion Type 302 


Apparatus and Procedure 


The experiments performed 
investigation were two types: 
rosion tests 
measurements, and (2) sorption tests. 

The material used these tests was 
fully annealed Type 302 strip 0.005 inch 
thick one inch wide. Its composi- 
tion was follows: 


percent 
8.88 percent 
0.10 percent 
1.46 percent 
0.49 percent 
0.018 percent 
0.028 percent 


Chromium 
Nickel 
Carbon 
Manganese 
Silicon 
Sulfur 
Phosphorus 


steel specimens were measured against 
saturated calomel half cell, using the 
circuit shown Figure The Leeds 
and Northrup student type potentiome- 
ter, Epply standard cell, Rubicon gal- 
vanometer, and calomel half cell were 
arranged outside atmosphere box 
which the sulfuric acid solution and test 
specimen were located. The abraded test 
specimens were finished 240 grit 


© This material was furnished as Type 304 
stainless steel but was found to contain 
0.10 percent carbon, 


Mercury 
Diffusion 
Pump 


Abstract 


Earlier work other investigators has 
shown that nitrous acid involved 
the passivation iron concentrated 
nitric acid solutions. This 
scribes the effect nitric oxide, 
and the corrosion active 


Tyne 302 stainless steel by 10 percent 


Specimens Type 302 stainless steel, 
activated abrading 240 grit emery 
cloth and exposed percent 
solutions, were passivated by bubbling 
nitric oxide through the solution. Bub- 
bling oxygen through the solution did 
not passivate these abraded specimens. 
Abraded specimens exposed at- 
mosphere nitric oxide before immer- 
sion nitric oxide-free remained 
active. Spot tests of 10 percent H2SO« 
treated with nitric oxide revealed the 
presence of nitrite and nitrate ions in 
the solution. The addition one part 
percent H2SOs was found to produce 
passivity abraded steel 
specimens exposed to the solution. 4,3.2 


emery cloth under absolute alcohol, and 
then stored alcohol until exposed 
the proper atmosphere the atmos- 
phere box. Pickled specimens were 
cleaned absolute alcohol, pickled five 
minutes boiling percent 
rinsed water remove corrosion 
products, and then immediately im- 
mersed absolute alcohol for storage. 
Exposure both abraded and pickled 
specimens air was minimized. 


Specimens prepared this manner 
were transferred stoppered tubes 
alcohol the atmosphere box which 
was then closed and purged air with 
the gas investigated nitric 
oxide). Ten percent sulfuric acid solu- 
tion was saturated with the same gas 
using fritted glass bubbler. Several 
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Figure 2—Schematic diagram of sorption apparatus. 
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Figure 3—Schematic diagram of corrosion testing apparatus. 
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Figure 4—Time-potential curves of Type 302 stainless steel in gas-treated 10 percent H»SO; at 30 C. 


hours were allowed for purging the box 
and saturating the solution. 

Oxygen atmospheres were analyzed 
for nitrogen and nitric oxide atmospheres 
were analyzed for oxygen ensure 
minimum contamination. The speci- 
mens were removed from their tubes 
and immersed percent sulfuric acid 
when gas analyses showed the box 
satisfactorily purged. Tank oxygen was 
used after purification train consist- 
ing concentrated platinized 
asbestos 600 and two towers 
magnesium perchlorate. The nitric oxide 
was used came from tank, 
without further purification. 

test the effect nitric oxide 
distilled water and sulfuric acid solu- 
tions, the following tests were made. 
Quantities 300 each double- 
distilled water and percent 
solution were saturated with nitrogen, 
using fritted glass bubbler. Nitric 
oxide was then bubbled through the 
solutions for minutes. 
The the water was measured 
after nitrogen saturation and again after 
the nitric oxide treatment with Beck- 
man meter, Model Spot tests for 
nitrate and nitrite ions were made 
the solution before 
and after nitric oxide bubbling. The spot 


tests were the iodide-starch test for 
and the diphenylamine test for 

Additional corrosion tests the 
abraded specimens were made the 
added some the test solutions 
remove all traces the nitrite ion. Cor- 
rosion tests also were made abraded 
specimens percent solu- 
tions, which were added increasing 
amounts percent nitric acid. 

The stainless steel specimens used 
the sorption tests consisted strips, 
each measuring 0.005 inches. The 
projected area this specimen was 0.36 
square meter. The strips were sheared 
size and then carefully sanded re- 
move all crimped edges. Pickling was 
accomplished described above except 
that the specimens were dried air 
before being sealed the Pyrex sorp- 
tion apparatus shown schematically 
Figure This apparatus was modeled 
after that Armbruster and 
essence, consists two carefully cali- 
brated volumes, one which contains 
the specimen and the other which 
connected McLeod gauge. this 
apparatus the specimens were exposed 
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TABLE 1—Summary Corrosion Test 


Results 
Test 
No. Solution Remarks 
300 10% Corroded 
rapidly 
2 300 ml 10% H2SO4 Passive, speci- 
5 ml 10% HNOs men tinted 
3 300 ml 10% H2SO4 Passive, slight 
10% HNOs tint 


Passive, no tint 
15 ml 10% HNOs 
50 ml 10% HNOs 


+ 


6 300 ml 10% HeSO4 Corroded 
45 ml 10% HNOs 
+ 10 grams urea 

7 300 ml 10% H2SOs, Passive 
Ne sat’d, NO exposed 

8 300 ml 10% He2SO,, Corroded 


N2 sat’d, NO exposed 
+ 10 grams urea 


Specimens were of Type 302 stainless steel cut 
from one-inch strip five mils thick and activated by 
abrading on No. 120 belt sander. All tests were 
made in open beakers. 


oxide. The gas sorbed the metal sur- 
face caused the pressure fall, and the 
quantity sorbed was calculated from 
pressure drop. Gas pressures 
can handled the apparatus. 


McLeod gage readings were made 
with cathetometer and could repro- 
duced within two percent. 

Before the start each sorption test, 
the stainless steel specimen 
gassed room temperature pressures 
surface area specimens treated this 
manner was determined using the 
Brunauer-Emmett-Teller method. The 
adsorption carbon monoxide, pro- 
duced the reaction formic acid 
with warm concentrated sulfuric acid, 
was measured —183 

special apparatus used for corrosion 
tests the Type 302 stainless steel 
Abraded specimens were prepared de- 
scribed above, dried air, then placed 
the specimen chamber which, turn, 
was connected the apparatus 
standard taper joint. The entire appa- 
ratus was evacuated 10° 
less, then nitric oxide, pressure 
one atmosphere, was admitted the 
specimen chamber. After overnight ex- 
posure, the nitric oxide was pumped out 
and percent solu- 
tion was admitted the speci- 
men chamber. This apparatus was 
modeled after that 


Results and Discussion 

curves for abraded and 
mens Type 302 stainless steel 
oxygen-saturated percent and 
for similar specimens nitric oxide- 
saturated sulfuric acid solution. The 
pickled and abraded specimens exposed 
the nitric oxide atmosphere and 
nitric oxide-saturated percent sulfuric 
acid showed very high positive poten- 
tials and visible corrosion occurred. 
The specimens were not tarnished and 
the sulfuric acid solutions were not dis- 
colored. pickled specimen exposed 
the oxygen atmosphere and oxygen 
bearing acid was also passive though its 
potential was not noble that the 
specimens exposed nitric oxide-treated 
acid. the other hand, abraded speci- 


mens 
cent | 
black 
the 
serve 
lutior 
cate 
condi 
tests 
<ide 
-ea) 
ese 
ve 
sit 
ame 
notice 


but 
ward 

tions 
expo 
ence 
tecte 
with 
befor 
iodid 
posit 
for 
solut 
one 
been 
HN¢ 
less 

the 
expo 
passi 


squa 
was 
spec 
mon 
men 
1.4 
term 
less 
fully 

gen 
pick 
lowe 


Gauge 
j 
| | 
wate 
& | 
; | minu 
the 
| 
: ows : 


January, 1958 


mens exposed oxygen-treated per- 
cent sulfuric acid solutions were visibly 
blackened every case. tendency for 
the potential become more noble with 
increasing time exposure was ob- 
served. However, violent hydrogen evo- 
lution continued after two hours. Dupli- 
cate tests were made for every set 
onditions. 

Table shows the results corrosion 
ests abraded specimens Type 302 
bubbling the solution with 

<ide for minutes) renders the speci- 
passive. This amounts one part 

Test (300 percent plus 

shows that without the 
esence HNO: not nearly effec- 

passivator. This solution gave 

test for nitrite ion before the 
urea. Afterwards, the test 

negative and the stainless specimen 
this solution corroded 

are least nine times the amount 
mild boiling action accompanies the 
urea since and are 
the reaction urea with 

Nitric oxide apparently reacts with 
vater considerable extent, the 
nitrogen-saturated double-distilled 
vater decreases from 6.5 2.3 after 
minutes exposure bubbling nitric 
oxide room temperature. Neither 
HNO: nor could detected 
water before nitric oxide exposure, 
but positive results were obtained after- 
ward. 

Spot tests percent solu- 
tions before and after nitric oxide 
exposure gave similar results—the pres- 
ence HNO: and HNO; could de- 
tected after the solution was bubbled 
with nitric oxide for minutes, but not 
before. should mentioned that the 
iodide-starch test for nitrous acid very 
positive, while the diphenylamine test 
for nitric acid after removal HNO, 
urea relatively weak. Conversely, 
one part percent HNO, has 
added give very strong test for 
and relatively weak test for 
Both solutions passivate stain- 

Tests and Table show that 
the removal from nitric oxide- 
exposed percent destroys the 
passivating effect. The addition 
oxide-exposed solution was ac- 
companied vigorous boiling the 
was destroyed. 

The sorption tests were performed 
pickled Type 302 stainless steel speci- 
mens having projected area 0.36 
square meter. roughness factor four 
was measured for the stainless steel 
specimens the adsorption carbon 
monoxide —183 Thus, each speci- 
men had true surface area about 
1.4 square meters. This method de- 
termining the true surface area stain- 
less steel specimens was used success- 
fully 

Figure shows the sorption oxy- 
gen room temperature outgassed 
pickled stainless steel surface. There ap- 
pears rapid initial sorption fol- 
constant rate. The capacity the 


EFFECT NO, AND HNO, 


CORROSION STAINLESS STEEL 


(times 10°) 


Admitted pressure 
0.46mm. 


Time 


Projected Area 
Specimen 0.36 sq. meter 


hrs 


Figure 5—Sorption of O2 at 0 C and 30 C on outgassed pickled stainless steel. 


(times 10°) 
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Moles 
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| 
Projected Area 
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0.08mm 


hrs. 


pickled stainless steel surface take 
more oxygen not limitless. After 
about hours continuous exposure 
oxygen the pressures shown 
Figure the surface appeared 
saturated and further pressure drop 
was detected. Increasing the pressure 
sorption. Assuming that molecule 
oxygen occupies 14.1 square angstroms, 
10° moles oxygen would cover 
about percent the true surface. 
There evidence indicate that the 
adsorption molecular, however. This 
oxygen held the stainless steel sur- 
face irreversibly. 

Figure time-sorption curve for 
nitric oxide pickled outgassed stain- 
less steel room temperature. The 
shape this curve similar that 
the oxygen curve discussed above. The 
mechanism which nitric oxide 
picked stainless steel surface 


room temperature would appear 
related that oxygen pickup. The 
stainless steel surfaces appear become 
saturated with nitric oxide before 
much monolayer adsorbed. Again, 
the sorption irreversible and there 
evidence indicating that the gas 
molecularly adsorbed. 

McClellan and measured 
the sorption nitric oxide and 
18-8 powder room temperature. They 
reported 1.4 monolayers oxygen and 
2.9 layers nitric oxide such powder 
after had been baked vacuum. 
not surprising that such large differ- 
ence exists between these data and those 
reported above, the methods surface 
preparation being radically 
The stainless steel powders used Mc- 
Clellan and Hackerman were 
corrosion sensitized stainless steel 
while the strips used the present ex- 
periments were pickled, washed, and 
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dried air before being sealed the 
adsorption apparatus. likely that 
the strips already had film irrevers- 
ibly held oxygen before being submitted 
the vacuum. also possible that 
baking vacuum changes the nature 
the surface. any rate, the present 
sorption tests show that oxygen and 
nitric oxide act similarly pickled 
stainless steel surfaces, which previously 
have been exposed air, with more 
oxygen than nitric oxide being sorbed. 
difficult see how such small 
steel surface could cause passivity. 
order find out adsorbed nitric oxide 
capable producing passivation 
abraded specimen, tests were made 
the apparatus shown Figure 
Abraded specimens exposed nitric 
oxide one atmosphere pressure for 
hours and then immersed 
percent corroded rapidly. 
Since the nitric oxide sorbed the 


stainless steel surface irreversibly 
held, pumping out the chamber before 
admission the sterile acid should not 
alter the surface. 


Conclusion 


has been found that nitric oxide 
causes passivation abraded Type 302 
stainless steel surfaces percent 
solution. This passivation appar- 
the acid. Corrosion tests nitric oxide- 
exposed specimens sterile solu- 
tions show that nitric oxide adsorption 
alone not responsible. Removal 
from the solutions the addi- 
tion urea destroys the passivating 
solutions. 

The addition one part percent 
has similar passivating effect. This ef- 
fect destroyed also the addition 
urea. Thus, follows that neither nitric 
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oxide nor alone causes the pas- 
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HENRY WEAVER, JR. and CECIL LYNCH 


Introduction 
WORK REPORTED here dif- 


fers from previous studies corro- 
the process was studied dilute solu- 
yns the acid and depolarizers 
ere used remove the hydrogen 
hich formed the surface the cad- 
ium. Jablezynski and 
udied the rate solution cadmium 
hydrochloric acid early 1929. 
hey used normal acid, however, 
apparently induced passive state 
the cadmium since the reaction 
owed quite rapidly. King and oth- 
later studies used depolarizers 
remove the hydrogen film that devel- 
about the cadmium. Other studies 
ave investigated the effects addi- 
chloride ions the 
This investigation was aimed meas- 
ring the kinetic rate attack dilute 
.queous hydrochloric acid cadmium 
under varying conditions through 
the use carefully controlled conduc- 
‘ance technique. This required separate 
calibration curves concentration the 
ion specific conductance 
the solutions for each acid concentration 
and each temperature employed. Figure 
shows typical calibration curve. The 
proved quite satisfactory, since 
measurements could made rapidly 
with part the sample lost during 


analysis. 


Experimental 

modified Jones conductivity cell 
was used. The filling stem the cell 
was made turn downward instead 
upward. This was then allowed dip 
into three-necked flask, which the 
determination was carried. 29/42 
standard taper ground glass connection 
was made between male fitting fas- 
tened the cell arm and the flask. The 
cadmium sample was placed the flask 
through the center neck the flask, 
and the third neck was used vent 
for the hydrogen gas produced the 
reaction, Two rubber stoppers with 
film stopcock grease between them 
served gas tight seal the stirrer 
shaft that held the sample. sketch 
the apparatus given Figure 


% Submitted for publication February 25, 1957. 
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Figure 1—Calibration with 0.010 HCI 
25.0 


Abstract 


The kinetics the reaction dilute 
hydrochloric acid with cadmium metal 
molded, electroplated on brass, and 
dipped on brass, have been investigated 
by means of calibrated conductance 
measurements. The effect of annealing 
molded cadmium samples was reduce 
the corrosion rate. Changing the speed 
spinning the cylindrical 
creased the rate with increase rota- 
tional velocity, constant value 
at high velocities. The reaction rate at 
three acid concentrations and at three 
temperatures were determined. The ac- 
tivation energy is small, between one and 
two kilocalories per mole of cadmium 
reacting. all cases the reaction was 
zero order over percent the reac- 
tion process. The rate controlling step 
has been estimated that diffusion 
through the layer surrounding the cad- 


mium surface. 3.8.4 


Measurements the conductivity 
were made with Wheatstone bridge 
using thousand cycle voltage source. 
The null point was detected with head- 
phones. 

The reaction vessel and conductivity 
cell were submerged water bath 
which maintained the temperature 
within degrees 

Standard solutions for calibration 
plots cadmium concentration 
against conductance were made dis- 
solving known weights cadmium 
metal hydrochloric acid the con- 
centrations used, and then making vol- 
umetric dilutions with acid the same 
strength. 

The cadmium samples used were 
the shape cylinders with diameter 


1.0 1.5 centimeters. They were 
tapped one end and fastened 
3/16 inch shaft. Part the sample was 


covered with plastic Korolac order 
expose known surface area. Prelim- 
inary tests were made this plastic 
film show that diffusion the acid 
through was negligible during the 
time required for any one experiment. 
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For annealing, samples were placed 


295 300 and the temperature slowly 
lowered room temperature over 
period three days. Dipped samples 
were prepared dipping tapped brass 
cylinders the same size molten cad- 
mium 450 Electroplating cad- 
mium was done brass according 


the method 


TABLE 1—Summary Rate Constants for Various Samples 


Rate Constant 
Stirring Temp Conc (m/sec cm?) 

1 ee 380 25.0 0.010 3.3 

3 380 25.0 0.010 3.7 

3 ret 380 25.0 0.010 4.2 

4 380 25.0 0.010 4.2 

19,20 Annealed and 1200 25.0 0.010 10.7 

21,22 1200 15.0 0.0050 9.8 

23,24 1200 15.0 0.010 10.8 

25,26 1200 15.0 0.020 14.0 

15,17 1200 25.0 0.010 11.3 

29,30 1200 25.0 0.020 14.5 

31,32 1200 35.0 0.0050 13.0 

33,34 1200 35.0 0.010 14.4 

37-39 Electro-plated.............. 1200 | 25.0 0.010 20.8 

40 1200 25.0 0.010 22.7 

41,42 1200 25.0 0.010 18.8 
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TABLE Logs Rate Constants and Reciprocal Absolute Temperature 


Constant for Annealed Samples Cadmium 
Stirring Speed, Rate Constant Temp, Degrees 
Run No. RPM (m/sec x cm?) x 10° Conc of HCl - m Kelvin 1/T x 103 

600 6.1 298 

12 800 8.2 

7 1200 10.1 


Note: All runs reported were with annealed 
samples of cadmium in 0.010 HCl at 25.0 C. 


TO MOTOR 
TO VACUUM VENT. 


WATER BATH 


Figure 2—Apparatus for kinetics measurements. 


Results and Discussion 


every run the kinetics were ex- 
amined measuring the changing con- 
ductance with time. plotting the 
concentration the cadmium ion 
time, straight lines resulted for the re- 
action percent completion, in- 
dicating zero order for the process 
acid corrosion cadmium. Figure 
shows typical plot. 

The effects annealing the sample, 
gassing the sample with nitrogen, elec- 
troplating and dipping are shown 
Table comparison the first four 
runs which were made unannealed 
molded cadmium with the next several 
runs shows that the unannealed samples 
had much more variation the value 
the rate constant than did the an- 
nealed samples. The conventional inter- 
pretation strains the metal making 
less uniform and more reactive seems 
applicable here. 

Since appreciable change noted 
the rate constants the runs made 
with samples that were gassed with 
nitrogen remove oxygen 
not, can assumed that oxygen does 
not enter into the mechanism the 

samples showed much higher rate con- 
stants than the annealed samples. This 
readily explained assuming con- 
siderable strain the thin coatings. 

The effect variation the speed 
drochloric acid 25.0 shown 
Table and Figure 


Rate Constant Log of 
(m/sec x cm?) x 109 | Rate Constan: 


RUN 
] ° 
/ 


TIME, HOURS 


Figure 3—Cadmium 0.010 HCI 25.0C. 


calculation the logs rate con- 
stants and reciprocal temperature, 
taken from Table shown Table 
and plotted Figure From the slope 
the lines this plot the activation energy 
the overall process can calculated. 
cal per mole. For 0.020 acid 
concluded therefore that within the ex- 
perimental error the activation energy 
mole. 

Since the reaction studied zero- 
order, the question what the rate 
controlling step should considered. 
obvious that the diffusion the ions 
hydrogen through the solution 
factor, but that does not change the 
order the reaction. Diffusion through 
the layer solution with diffusion 
gradient probably the rate controlling 
step. Further work anticipated use 
this method analysis investigate 
the effect variation chloride ions 
concentrations. 
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Introduction 


RECENT phenomenal growth 

catalytic reforming into major 
oil refining process for producing high 
octane motor fuels has generated wide- 
spread concern with respect the seri- 
ous corrosion problem frequently 
encountered this type process. re- 
cently published survey report presented 
“Corrosion Catalytic Reforming 
and Associated indicates 
that the majority companies inter- 
viewed had experienced excessive metal 
loss accompanied serious operational 
difficulties. The most common these 
difficulties involved plugging process- 


ing equipment by_ loose SORELL materials and corrosion engi- 

ucts, predominantly metal sulfide.” The neer with the Kellogg Company, New 

ais ection for da r 

fied conclusively hydrogen sulfide variety process plants the petroleum 

the hot hydrogen rich gas mixtures refining processing fields. 

by 1 its aiso has worked in his company’s process de- 

this country and served with the 

companies independently embarked degrees chemical engineering, both from 

corrosion investigations and test pro- Princeton University. member the 

grams. number valuable papers National Association Corrosion Engineers, 


the Scientific Research Society of America, 


based these studies have been pub- Sigma and Phi Beta 


lished since the early part 1956. Al- 
though the reported work was largely 
limited empirical approach the 
form laboratory, pilot plant and re- dynamic analysis presented 
finery corrosion rate measurements, Standard Oil Company 
some fundamental studies also have effort explore the problem 
been carried on. Among the latter, two industrial “Study Commit- 
outstanding contribution the thermo- were formed (API Panel Re- 
former Corrosion and 


paper presented meeting NACE Group with participating 


Technical Group Committee T-8, Oklahoma membership drawn from practically all 

City, major American petroleum refining 
@ Although large accumulations of metallic 


oxides are frequently experienced in cata- @) NACE Task Group T-5B-2 (Sulfide Corro- 
lytic reforming units practicing ‘‘in situ’’ re- sion at High Temperatures and Pressures in 
generation of catalyst, they result from the Petroleum Industry) has been absorbed 
oxidation of sulfide scale formed during re- in the newly formed NACE Technical Com- 
action, not from direct attack of the metal mittee T-8 (Corrosion of Petroleum Refinery 
by the oxidizing regeneration atmosphere. Equipment). 
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Figure 1—Summary graph showing corrosion of 0-9 Cr steels by Hz:HeS gas mixtures in catalytic reformer 
reactor atmospheres at elevated temperatures (850-1050 F) and pressures (265-680 psi). 


stricted pooling knowledge and free 
exchange experience, excellent prog- 
ress has been made toward sound 
understanding of, and the development 
economic solutions the corrosion 
problem under consideration. view 
the highly competitive situation existing 
among the different proprietary cata- 
lytic reforming processes, the industry 
and wisdom launching these joint 
efforts. 


Objective and Scope Paper 


The primary objective this paper 
compile and summarize single 
convenient reference the available quan- 
titative high temperature corrosion data 
pertinent catalytic reforming proc- 
esses, and correlate the findings 
form applicable process equipment 
design. Toward this end, corrosion rate 
measurements obtained from the pub- 
lished literature and heretofore 
unpublished reports are 
tables and graphs, and are correlated 
the form three summary graphs 
(Figures and and one correla- 
tion graph (Figure 4). 

The data originate from wide va- 
riety sources ranging 
tory investigations actual operating 
experience contributing petroleum 
refining companies. Including the work 
performed connection with five ex- 
tensive the 
total number individual measurements 
represented this compilation 
mated well above one thousand. 

The field corrosion data herein pre- 
sented have been obtained exclusively 
reforming plants and 
therefore not reflect the more cor- 
rosive conditions typical catalytic 
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desulfurization units. companion paper 
summarizing catalytic cor- 
rosion the early stages prepa- 
ration the author and will com- 
pleted when more service experience 
these process units becomes available. 


Organization and Presentation Data 


15, the high temperature corrosion rates 
measured estimated the individual 
investigators are 
ically, according the contributors’ 
company affiliations. The type data 
presented falls into three 

Laboratory and_ pilot plant cor; 

rosion investigations. 
Corrosion coupon tests 
mercial units 

Inspection operating equipment. 


For ready reference, single sum- 
mary chart (Table has 
pared, showing corrosion rates and the 
corresponding ranges environmental 
conditions for all the data presented 
the individual summaries. 
also serves master chart for use 
conjunction with the summary graphs 
(Figures and 3). These summary 
graphs present the collected data 
correlated form which 
visual comparison the individual find- 
ings. Three separate summary graphs 
were chosen preference single 
plot for sake clarity; they are re- 
spectively Figure for carbon and 
chrome-moly steels percent Cr), 
Figure for intermediate chrome steels 
(11 percent percent Cr) and Figure 
for stainless steels (18 percent 
percent Ni). (Note that the corrosion 
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Abstract 


this survey report high tempera- 
ture catalytic reformer corrosion, pub- 
lished and privately transmitted corro- 
sion data are compiled and summarized. 
The data, contributed by 15 petroleum 
refining companies, 
obtained from laboratory, pilot plant, 
and commercial plant corrosion studies, 
as well as inspection measurements on 
operating equipment. Correlations di- 
rectly applicable equipment design 
are presented. 

The corrosion is attributed to small 
quantities of hydrogen sulfide present in 
the hot hydrogen rich gas mixtures. The 
principal variables affecting the rate 
attack are temperature and hydrogen 
sulfide concentration. Other factors 
such pressure, hydrogen content, 
time of exposure, cycling conditions and 
scale properties also are discussed in 
relation to their effect on corrosion. 

The data show conclusively that car- 
bon and chrome-moly steels are equally 
susceptible sulfide attack. The inter- 
mediate straight chrome steels (11 per- 
cent to 16 percent Cr) show a moder- 
ate but generally unreliable degree 
improvement. The austenitic chromium- 
nickel stainless steels have good resist- 
ance, Aluminum coatings applied by 
dipping, spraying or diffusion methods 
exhibit outstanding corrosion resisting 
properties, provided the coating is con- 
tinuous and remains firmly bonded 
the steel. 

The paper concludes with a general 
review of catalytic reformer corrosion 
problems, including a brief discussion 
of corrosion mitigation by hydrogen sul- 
fide removal (amine treating) or cata- 
lytic desulfurization the feed. 8.4.3 


factor relative the scales used 
Figures and 2.) 

the correlation graph (Figure 4), 
the compiled data are condensed into 
simple unified plot which the indi- 
vidual data points and curves are sup- 
planted “bands” corrosion rates 
tor the three classes steel. This form 
presentation offers rapid and con- 
venient means for predicting the range 
anticipated corrosion rates for design 
purposes. 


Discussion Corrosion Data 


The corrosion carbon 
steels widely experienced the high 
temperature sections catalytic reform- 
ing units has been conclusively identified 
form sulfide attack, and attrib- 
uted the presence relatively small 
quantities hydrogen sulfide the 
hot reducing gas mixtures common 
this type unit. The magnitude 
this attack, illustrated the data 
the three summary graphs (Fi igures 
and 3), gives clear evidence ex- 
ceptionally severe form sulfide cor- 
rosion which without previous par- 
allel petroleum refining experience. 

Since this survey paper intended 
primarily present and reorganize 
collection empirical data for practical 
application, analytical discussion 
the physico-chemical metallurgical 
aspects the corrosion phenomenon 
appears inappropriate. 
material therefore restricted 
review factors which are considered 
direct benefit the engineer for 
proper interpretation, evaluation and 
utilization the data. These factors are 
the specific effects alloying additions 
and environmental variables corro- 
sion rate, well the general validity 
the measurements. 


Alloy Content Steel 


The accumulated data show almost 
without exception that the chrome-moly 
steels (up about percent Cr) offer 
improved resistance attack over 
plain carbon steel; there some evi- 
dence that the popular percent 
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COMPILATION HIGH TEMPERATURE CATALYTIC REFORMER CORROSION DATA 


TABLE 1—Summary Chart Corrosion Measurements and Corresponding Environmental Conditions 


Symbols in Tempera- ’ Corrosion 
Figures 1, Type ture Pressure HeS Conc. Duration Rate 
SOURCE (Company) 2and Reference Data* (Deg. (Psig) (Vol. (Days) Materials (Mils/ Year) 
Cr/8 
ATL 900 500 0.013-0.074 1-365 0-5 5-100 
= | — 
0.016 
D 12 I 870 400 0.04 180 5 Cr 40 
anadian 13 890-920 310-330 0.008 90 0-9 Cr 16 
12 Cr 8 
Cr/8 2.5 
Cr/8 
900-1025 300 0.035 127 
C.S., 200 
Cr/8 
lajor West Coast Ref'g. Comp.... M 15 900-920 540-56 5 | 0.015 72 18.9 
8.3 
Cr/8 4.5 
| | | 12 Cr 8 
| | | 12 Cr 2 
1.9-6.5 
7-16 
0.06-0.2 Cr/Ni 
12-16 
| Cr/Ni 5 
13-23 
Cr/Ni 0.7-4.3 
| IND 2 L 900 285 0.013-—0.44 0.7—11.7 0-9 Cr | 10-500 
4-200 
950-1000 0.032 
Cr/8 0.7-1.9 
1.9 


* .—Laboratory Corrosion Tests 
P—Pilot Plant (Corrosion Tests or Equipment 


percent composition may even 
inferior unalloyed steel. 

The intermediate chrome steels (11 
percent percent Cr), principally 
the widely used AISI Types 405 and 
410 percent 13% percent Cr), 
show only moderate degree im- 
provement over carbon lower alloy 


Corrosion) 


C—Commercial Unit Corrosion Tests 
I—Inspection of Commercial Operating Equipment. 


steels, the order approximately 
100 percent. Several investigations 
not reveal even this small difference 
corrosion resistance between carbon and 
intermediate chrome steels; support 
this, note the identical position 
curves HUM-1 and the sum- 
mary graphs for percent and 


percent percent steels (Fig- 
ures and respectively). Generally, 
the performance the intermediate 
chrome steels subject greater in- 
dividual variation than that the lower 
alloy steels, evident from the 
larger scatter data Figure con- 
trast Figure 
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SUMMARY GRAPH SHOWING CORROSION 
OF Cr STEELS BY H2'H2S GAS 
MIXTURES IN CATALYTIC REFORMER 
REACTOR ATMOSPHERES AT ELEVATED 
TEMPERATURES (850-1050 F) AND 
PRESSURES (265-680 PS! ) 
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Figure 2—Summary graph showing corrosion of 11-16 Cr steels by Hz:HeS gas mixtures in catalytic reformer 
reactor atmospheres at elevated temperatures (850-1050 F) and pressures (265-680 psi). 


The percent Cr/8 percent grades 
stainless steel such AISI Types 
304, 316 and 347 all possess equally good 
corrosion resistance, with rates only 
about one-fifth one-tenth those ex- 
hibited carbon and the lower alloy 
materials. The higher grades aus- 
tenitic stainless steels such AISI 
Types 309 (25 percent Cr/12 percent Ni) 
and Type 310 (25 percent Cr/20 percent 
Ni) are equal superior the per- 


Environmental Factors Influencing 
‘Corrosion 

The two major variables which con- 
trol the extent elevated temperature 
catalytic reformer corrosion given 
steel are temperature and hydrogen sul- 
fide content the gas mixture the 
reactors and associated equipment. 
dated presentation the data, only one 
these, hydrogen sulfide concentration, 
chosen variable the summary 
and correlation graphs (Figures 
and 4). This possible without gross 
distortion the correlations because 
the range operating temperatures 
catalytic reformer units within fairly 
narrow limits (approximately 
1050 

Other factors influencing corrosion 
rate operative this environment are 
pressure, hydrogen content, length 
exposure and cyclic conditions. em- 
phasized that the corrosion rates plotted 
the summary graphs (Figures 
and represent actual physical meas- 
urements and are not adjusted for vari- 


®) Metal temperatures in furnaces may range up 
to 1200 


ations these operating conditions. 
This use raw data tends produce 
scatter the correlations addition 
that introduced omitting the temper- 
ature parameter. order, therefore, 
assist interpreting the data and 
evaluating the correlations, the direc- 
tional effects temperature and the 
other environmental conditions cor- 
rosion are presented individually. 


Temperature 

Temperature strong factor high 
temperature hydrogen sulfide corrosion 
revealed the pronounced effect 
corrosion rates resulting from relatively 
small temperature changes. Specifically, 
the corrosion rate approximately dou- 
bles for 100 rise temperature. 
apparent, therefore, that the effect 
temperature should not discounted, 
since even within the restricted range 
normal catalytic reformer operating 
temperatures the corrosion rate may 
vary factor high 3:1. 


Effect Pressure and Hydrogen Content 


The total pressure and the hydrogen 
content the hydrogen sulfide bearing 
gas mixture have direct effect cor- 
rosion. Based experimental study, 
the Standard Oil Company 
offers the following quantitative propor- 
tionality: 


Where Corrosion rate given 
concentration 
Total system pressure 
Sum volume fractions 


and 


The hydrogen sulfide content cata- 
lytic reformer atmospheres negligibly 
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small compared the hydrogen con- 
tent, and consequently the above 
relationship essentially equal the 
volume fraction hydrogen. Since both 
and are raised the same frac- 
tional power, follows that equil 
percentage change either pressure 
hydrogen content can expected 
cause identical change corrosion 
rate. should noted, however, 
between the different catalytic reform- 
ing processes operating pressures 
subject considerably greater 
(250-750 psi) than hydrogen concentr: 

tions (60-90 mol percent). Hence, fai 

ure adjust individual corrosion meas- 
urements for pressure tends 
greater scatter data points than 
lecting differences hydrogen concen- 
tration. Translated into numerical terms, 
pressure may influence corrosion rate 
much percent™ whereas hydrc 

gen can have maximum effect 


Effect Exposure Time 

The accumulated evidence from labo 
ratory studies indicates that initially cor- 
rosion rates are very high but that 
drop off rapidly with increasing length 
exposure. The experiments conducted 
ure show sharp continuous drop 
corrosion rate during the first 100 hours; 
the remaining 700 hours exposure, 
only small further decrease rate takes 
place. The relatively short experimental 
runs laboratory corrosion studies usu- 
ally are reflected corrosion rates 
appreciably higher than those obtained 
from prolonged field studies. This trend 
clearly borne out the three sum- 
mary graphs (Figures and 3), 
notably Curves HUM-1 and HUM-2 
which are based hour periods. 


Laboratory studies the effect 
time corrosion are limited prac- 
tical value the designer and operator 
catalytic reforming equipment. Even 
carried for extended periods, these 
studies cannot properly evaluate the role 
the sulfide corrosion scale stifling 
further corrosion, since the physical 
properties and distribution this scale 
are largely dependent the operating 
histories given unit. obtain 
realistic appraisal the time effect 
corrosion rate, one must turn to long 
time data gathered operating equip- 
ment. survey the reported experi- 
ence reveals some conflicting evidence. 
The measurements Tables and 10, 
for example, indicate significant dif- 
ferences corrosion rate for exposures 
ranging from 139 577 days. the 
other hand, the figures Table 
show definite long range trend de- 
creasing corrosion rates. 


The variable effect exposure time 
high temperature hydrogen sulfide 
attack can explained differences 
the physical properties the sulfide 
corrosion scale relating its protective 
value. The majority reported service 
experience shows this scale 
flaky, permeable and generally non- 
adherent nature and such ineffective 
blocking retarding further corro- 
sion. the relatively few instances 
where marked reduction corrosion 
rate with time has been reported, the 
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scale was invariably found dense 
and intact. Such denser scale deposits 
generally are more prone form 
the inside piping tubing rather 
than flat convex surfaces because 
the scale tends remain under com- 
pression. Another factor which can con- 
tribute tougher and less porous 
scale the binding action small 
coke gum which may 
present under certain conditions. 


Evecting Cyclic and Fluctuating 

process conditions are consid- 
but quantitative evaluation 
dificult. The two cyclic conditions en- 
catalytic reforming are in- 
mittent heating and cooling resulting 
shut downs, and exposure alter- 
reducing and oxidizing atmos- 
cres, applicable units practicing “in 
catalyst regeneration. Both 
conditions tend loosen and de- 
iorate the sulfide scale and such 
further contribute the scale’s general 
ffectiveness corrosion barrier. 


contrast the extreme changes 
vironment associated with these cyclic 
conditions, the normal fluctuations 
and operating variables during 
runs have relatively little effect 
corrosion. important, however, 
appropriately weighted average val- 
these operating variables em- 
interpreting the corrosion rate 


Accuracy and Validity Data 


discussing the sources error 
which the data are subject, impor- 
tant recognize and distinguish 
tween two basically different types 
possible error. The more obvious one 
pertains the accuracy physical 
measurements metal losses and en- 
vironmental conditions. The other, and 
more elusive, error has with the 
validity the measurements which, 
how accurate physically, may 
limited significance that they may 
valid only for specific conditions 
time and space. With reference the 
corrosion data this survey, the fol- 
lowing remarks apply primarily field 
corrosion studies and inspection results 
since laboratory experiments usually are 
carefully planned and controlled, and 
hence can expected give results 
which are both accurate and reliable. 


general, the accuracy the data 
presented this report considered 
high and certainly adequate for the 
intended purpose. Metal loss determina- 
tions are reliable providing bench marks 
are available; with respect environ- 
mental conditions, standard refinery 
measuring and recording instrumenta- 
tion are sufficiently accurate. The nota- 
ble exception arises connection with 
the concentration hydrogen sulfide, 
which, the minute 
quently present, requires special equip- 
ment and skills for accurate detection. 
The problem further complicated 
the lack standardization analytical 
procedures currently use, comprising 
the Tutweiler method, mass spectrom- 
etry, MSA Gas Testers and gas absorp- 
tion. 

The validity and significance the 
data affected number different 
factors. One the most serious sources 
error derives from calculating cor- 
rosion rates operating equipment 
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Figure 3—Summary graph showing corrosion Cr/8 gas mixtures catalytic 
reformer reactor atmospheres at elevated temperatures (850-1050 F) and pressures (265-680 psi). 
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Figure 4—Correlation graph showing corrosion of carbon, alloy and stainless steels by H2:H2S gas mixtures 
in catalytic reformer atmospheres at elevated temperatures (850-1050 F) and pressures (265-680 psi). 
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from assumed rather 
measured thickness corroded parts. 
This clearly dangerous practice 
since imposes the use minimum 
average original thicknesses accord- 
ance with applicable 
tions. Corrosion rates thus calculated 
are subject gross error because these 
specifications generally permit wide tol- 
erance latitudes. Estimates corrosion 
losses calculated from 
thickness conjunction with 
sumed scale also may unre- 
liable because they presuppose that the 
scale had remained intact during the en- 
tire operating run. 


factor which may have important 
bearing the significance plant cor- 
rosion measurements indeterminate 
metal loss sustained between operating 
runs. recent contribution the pub- 
lished reveals that inhibited 
acid used for furnace tube descaling can 
cause considerable corrosion. one 
acidizing run, the measured decrease 
wall thickness percent per- 
cent furnace tubes was equivalent 
corrosion rate mils per year. 
Since hydrogen sulfide corrosion that 
year, vastly exaggerated indication 
sulfide corrosion would have been ob- 
tained had rate calculations been made 
without allowing for acidizing corrosion 
losses. Fortunately, errors this mag- 
nitude cannot creep into the corrosion 
measurements the result neglect- 
ing corrosion during catalyst 
regeneration; experience indicates that 
the hot regeneration gases are essen- 
tially non-corrosive. 

difficult problem common most 
plant corrosion studies consists estab- 
lishing properly weighted average 
values the operating variables which 
can considered truly representa- 
tive for the entire operating run and 
hence corresponding the measured 
corrosion rate. reforming 
units, this difficulty arises primarly 
connection with hydrogen sulfide con- 
centrations, which may fluctuate over 
quite wide limits compared the 
smaller percentage variation tempera- 
Care must taken interpreting aver- 
ages, even when properly weighted, 
because the complex 
lationships existing between corrosion 
and its major variables, especially the 
vicinity the thermodynamic cutoff 
the corrosion reaction (see Figure 14). 
The problem determining representa- 
tive environmental conditions further 
complicated the fact that the corro- 
sion engineer does not always have per- 
sonal access the complete log sheets 
and service histories, and therefore 
dependent data transcribed 
abridged personnel not necessarily 
familiar with corrosion work. 

conclusion should emphasized 
that the relatively low order correla- 
tion the summary graphs (Figures 
and the additive result the 
various sources error plus the fact 
that the individual data points are not 
adjusted for variations temperature, 
sure time. view these considera- 


© The scale factor measures the bulkiness of 
the scale and is numerically equal to the 
seale thickness divided by the correspond- 
ing metal loss. In the monosulfide scales 
commonly formed on low alloy steels in hot 
He:H2S atmospheres, the observed scale fac- 
tor ranges from 2% to 4. 
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tions, would appear that there 
remarkably good consistency the ma- 
jority reported experience. 


Correlation Data 


the correlation graph (Figure 4), 
the corrosion data accumulated the 
summary graphs (Figures and 
appear simple correlation which 
three bands take the place individual 
points and curves. This presentation 
considered the most expedient means 
for condensing the available information 
into clear and compact form for engi- 
neering usage. Since, the author’s 
opinion, the data not lend themselves 
rigorous statistical treatment, the 
placement the three “average” lines 
and the width the respective bands 
are largely dependent personal judg- 

can seen from comparison 
the correlation and summary graphs, 
the average lines for the three materials 
classes Figure are situated appre- 
ciably lower than lines which would 
obtained from mathematical averaging 
all data points. This the result 
heavier weighting refinery corrosion 
measurements relative short time 
laboratory results. Also evident from 
comparison the correlation and sum- 
mary graphs that the bands the 
former are narrower than the spread 
original data points Figures and 
Although the upper and lower limits 
the corrosion bands are set 
fairly arbitrary basis, there justifica- 
tion for telescoping the data into nar- 
rower range, since the data are not 
individually corrected for variations 
environmental conditions and, addi- 
tion, are subject inherent 
practical applications the correlation 
graph (Figure 4), the width these 
bands may loosely interpreted 
temperature parameter. 

estimated that the corrosion rates 
predicted the correlation graph (Fig- 
ure are correct within factor 
with the highest level confidence 
the medium hydrogen sulfide levels for 
carbon and chrome-moly steel. This de- 
gree accuracy sufficient for most 
engineering purposes and the correla- 
tion therefore considered offer 
useful design tool for choosing suitable 
materials construction for catalytic 
reforming equipment. 


General Review Catalytic Reformer 
Corrosion and Materials 


Characteristics Hydrogen Sulfide 
Corrosion 

Elevated temperature corrosion hy- 
drogen sulfide experienced catalytic 
reforming (and also catalytic 
izing) units differs two important 
aspects from the familiar sulfide attack 
commonly encountered other types 
refinery processes where the 
predominantly the form organic 
compounds. First, there 
markedly greater corrosiveness hy- 
drogen sulfide relative 
mercaptans and thiophenes. Note the 
high corrosion rate (approximately 100 
mils per year) predicted Figure 
for 0.1 volume percent hydrogen sulfide 
amount organically combined sulfur 
ordinarily has negligible corrosive ac- 
tion. 

The second, and perhaps the most 
distinguishing, characteristic hydro- 
gen sulfide corrosion the proved lack 


superior corrosion resistance the 
chrome-moly steels compared 
carbon steel. This fact 
considering the outstanding perform- 
ance these steels withstanding 
other forms sulfide attack con- 
ventional types refinery units proc 
essing sour stocks. 


Characteristics Sulfide Scales 


The sulfide scale formations com 
monly found the high temperatur 
portions catalytic reforming units 
bulky, brittle and porous, and have 
general tendency spall off. previ 
ously mentioned, these physical proper 
ties render them generally ineffectual 
barriers stifling further corrosion, 
though isolated instances are recor: 
where the scale formed dense 
adherent layer which protected the 
derlying metal. 


Experience indicates that the opera 
tional difficulties caused scaling fre 
quently outweigh the detriment 
loss. Once dislodged, the scale 
tendency crumble into fine powde: 
which plugs processing equipment, 
predominantly the catalyst beds. 
resultant high pressure drops frequently 
necessitate unscheduled shut-downs fo: 
catalyst screening. Another operational 
difficulty associated with scaling its 
insulating effect furnace tubes which 
may lead local overheating and sub- 
sequent rupture. 


Other Forms Catalytic Reformer 
Corrosion 


discussion corrosion problems 
experienced catalytic reforming units 
would incomplete without brief men- 
tion high temperature hydrogen at- 
tack. This topic special interest 
view the recent cracking failure 
three catalytic reformer reactors which 
was ascribed this type damage. 
described Ciuffreda and Rowland,’ 
the failure occurred the result in- 
sulation breakdown which permitted the 
hot hydrogen rich gases come con- 
tact with the carbon steel shell causing 
decarburization and embrittlement. For- 
tunately, this form 
tion fairly well understood and can 
readily prevented the choice 
proper materials set forth Nel- 
son.” For the temperatures and hydro- 
gen partial pressures ordinarily encoun- 
tered catalytic reforming processes, 
percent percent steels 
furnish adequate resistance hydrogen 
attack. percent and per- 
cent percent steel also are 
suitable for portions the unit operat- 
ing temperatures lower than the re- 
actors and furnaces. 


Low temperature galvanic electro- 
chemical corrosion ordinarily not 
problem the majority catalytic re- 
forming processes. This because only 


— 


trace quantities liquid water are 


ent under normal operating conditions. 
those units where water present, 
instances fairly serious corrosion oc- 
casionally are experienced and 
around the reactor effluent condenser 
and separator drum. This corrosion 
attributed dilute hydrochloric acid 
which formed from chlorides the 
feed injected for catalyst rejuvena- 
tion. Acidic condensate corrosion also 
may problem during the regenera- 
tion cycle (in units practicing situ” 
catalyst regeneration) unless precau- 
tions are taken maintain the oxidiz- 
ing gas mixture above its dew point. 
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Ficure 5—Lines of constant corrosion rate for carbon 

ord low chrome (up to 5 percent Cr) steels versus 

t mperature and volume percent hydrogen sulfide 
in Catforming reaction gas mixture. 


these circumstances, the corro- 
son attributed dilute sulfurous 
silfuric acid formed the hydrolysis 
sulfur oxides the regeneration 
gases. 

Another form low temperature at- 
tuck occasionally found catalytic re- 
cracking failures brasses and austen- 
stainless steels. There evidence 
indicating that this attack experi- 
only during downtime conditions. 
Cracking brass heat exchanger tubes 
lias occurred number instances 
during lengthy shutdown periods. These 
are clear-cut examples stress 
corrosion cracking and are attributed 
the combined action ammonia, oxy- 
ven and moisture. Cracking failures 
austenitic stainless steels catalytic re- 
furnace tubes are reported 
the literature (Reference 11). spec- 
ulated that the corrosive agents respon- 
sible for this attack are polythionic 
acids formed oxidation and hydroly- 
sis iron sulfide scale. this time 
not established whether these failures 
are the result stress corrosion crack- 
ing, intergranular attack combina- 
tion these two corrosion phenomena, 


Solutions the Corrosion Problem 


almost any corrosion problem, 
the available counter-measures involve 
cither changing the corrosive environ- 
ment employing more resistant ma- 
terials construction. The former ap- 
proach entails reducing the amount 
sulfide since the temperature 
essentially fixed process consider- 
ations. This can achieved scrub- 
bing the recycle gas recirculating 
unine absorption system desul- 
the feed stock cobalt-moly 
catalytic 

Amine treating only partially effec- 
reducing the level corrosion 
the unit. This because while prevent- 
ing build-up hydrogen sulfide the 
recycle gas, does not protect the re- 
actor train from corrosion the hydro- 
gen sulfide produced during the once 
through passage the feed naphtha. 
Catalytic feed desulfurization obviously 
more satisfactory from 
prevention point view since effects 
nearly complete removal hydrogen 
sulfide producing compounds from the 
fresh feed and thus minimizes corrosion 
parts the unit. Consideration 
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Figure 6—-Lines constant corrosion rate for 

to 131 chrome steel versus temperature and volume 

percent hydrogen sulfide in Catforming reaction 
gas mixture. 


generally should given amine 
treating predesulfurizing for units 
processing naphthas containing ex- 
cess 0.01 weight percent sulfur; for 
sulfur levels above 0.05 weight percent, 
pretreating appears the more prac- 
tical method. the final analysis, 
the desirability for choice between 
either these installations depends 
economic study which investment 
and operating costs are balanced against 
savings reformer materials and im- 
provements product quality. 


Ferrous Materials Construction 


The most widely employed materials 
construction for catalytic reforming 
plants are the low chrome-moly steels 
required for resistance hydrogen at- 
tack. The earlier units have propor- 
tionately larger amount percent 
percent equipment because 
this material was initially believed 
furnish better protection against hydro- 
gen sulfide corrosion. more recent 
construction and new designs, the 
percent, percent and percent 
chrome-moly steels are 
favored, the specific choice being influ- 
enced price availability, mechanical 
properties (high temperature strength), 
well the general preference 
the individual refiners. percent 
and percent Cr-% percent 
steels are not widely used catalytic 
reformer construction; addition 
their more limited resistance hydro- 
gen attack and graphitization, they are 
not readily available. 

Where the level hydrogen sulfide 
sufficiently high cause excessive 
corrosion these steels, more resistant 
materials are employed. The dividing 
line predicated corrosion rate falls 
generally into the 15-50 mils per year 
range, depending the part ques- 
tion and naturally also the engineer- 
ing philosophy the company operat- 
ing the unit. Among the higher alloy 
materials, the various grades aus- 
tenitic Cr-Ni steels, principally AISI 
Type 304 (18 percent Cr/8 percent Ni), 
find wide application. The straight 11- 
percent steels also are employed 
but there growing tendency 
directly the percent Cr/8 percent 
priced than the 11-13 percent steels, 
offer considerably greater and more 
reliable degree corrosion resistance. 
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Figure 7—Lines of constant corrosion rate for 18 

chrome-8 nickel austenitic stainless steel versus 

temperature and volume percent hydrogen sulfide 
in Catforming reaction gas mixture. 


Aluminum Coatings 


effort find more economical 
substitutes for stainless steel, many re- 
finers have turned variety alu- 
minum surface coatings for protecting 
catalytic reforming equipment for high 
temperature hydrogen sulfide attack. 
Three different types aluminum coat- 
ings are being used commercially 
dipped, sprayed (with without post 
diffusion treatment) and diffused (calor- 
ized). These coatings generally are ap- 
plied low alloy steels because the 
aluminum layer not considered 
protect the underlying metal from high 
temperature hydrogen attack. Experi- 
ence indicates that all forms alumi- 
num coatings can furnish excellent cor- 
rosion resistance provided the aluminum 
remains continuous coating firmly 
bonded the steel. 

The longest service experience 
record reported the Standard 
catalytic reformer units, dipped alumi- 
num coatings service since 1954 still 
show evidence significant visible 
deterioration. More recent installations 
internally sprayed and diffused fur- 
nace tubes are giving satisfactory per- 
formance after more than one year’s 
operation. These and other encouraging 
reports the effectiveness soundly 
applied aluminum coatings foreshadow 
their more extensive use for future cata- 
lytic reformer construction. 
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January, 1958 COMPILATION HIGH TEMPERATURE CATALYTIC REFORMER CORROSION DATA 
TABLE 
in HeS Conc. Duration | Corrosion Rate Corrosion Rate (Mils/ Year) 
Location Material | (Vol. %) (Days) (Mils/ Year) ' 
Temperature: 900 F; Pressure: 500 psig. 19 
6.8 
Type 304........| 
ocation in Unit | (Deg. F) | (Vol. %) (Hours) C.S. 24% Cr 12 Cr |18 Cr/8 Ni Temperature: F; psig; HaS 
Outlet | 928 0.0387 96 175.0 | 180.4 140.2 5.6 
| 956 0.036 72 180.6 |} 197.1 156.9 18.8 
| 908 0.0294 | 24 | 105.0 ; 800 | 1 01 9 6.9 
Reheat Furnace | 940 0.0136 72 | 74.5 | 78. 90.7 6.7 
Outlet ' 901 0.0387 96 144.4 155.2 136.8 9.4 
912 0.036 72 168.7 188.5 154.3 12.8 he Coates 
900 0.0294 116.5 108.0 102.9 ure ate 
ress) u anc 
Pressure: 300 900-1025 200 (max.) 
Pipiag:...... | 1% Cr 850— 975 90 (max.) 
TABLE TABLE 0.035 vol. percent*; Pressure: 300 psig; 
Corrosion Rate Corrosion Rate * Based on an average of 0.02 weight percent 
(Mils/ Year) Year) sulfur the naphtha charge (corresponding 
(Days) Material Duration Cr- Cr/ Figure the reference paper, Reference 6). 
226 24%Cr | 15 —— 
577 | 14 232 43 
417 | 13 — 139 5 Cr | 43 - ne 
577 | | 12 | — 232 38 — _ Corrosion Rate 
577 — 10 232 | 26 
139 Type 304 by 4 34 | -- 
Calculated from sulfur feed naphtha and H2S Av. Rates: 41.5 26.3 3.7 Av. Corr. Rates: 36.5 


content in recycle gas by method presented in 
Reference 3 (Appendix I). A molecular weight of 
120 for the naphtha and a 10:1 molal recycle-feed 
ratio is assumed. 


DATA SECTION 
American Oil Company 


“Collection and Correlation High 
Temperature Hydrogen Sulfide Corro- 
sion Data” (Reference 12). 


Commercial Unit Corrosion Test 


Corrosion rates obtained Ultrafor- 
mer Texas City, Texas are presented 
Table These data appear Table 
the reference paper (Reference 12). 


Inspection Commercial Equipment 


Corrosion rate measurements obtained 
tubes the radiant sections the 
preheat, reheat and recycle gas furnaces 
the Ultraformer Texas City, Texas 
are summarized Table These data 

revised version those originally 
appearing Table the reference 
paper (Reference 12). 


Atlantic Refining Company 


“Selection Materials for Con- 
struction Catalytic Reforming Units” 
(Reference 7). 


‘orrelation Curves 

The iso-corrosion curves reproduced 
Figures and were prepared 
plant test data supplemented 
ata from plant tests and measurements 
metal loss operating plant equip- 


‘Spleeieiiniid 900-920 F; Pressure: 500-535 psig; 
HeS Conc.: 0.08 vol. percent* 


* Calculated from sulfur in feed naphtha and H2S 
content in recycle gas by method presented in 
Reference 3 (Appendix I). A molecular weight of 
120 for the naphtha and a 10:1 molal recycle-feed 
ratio is assumed. 


Pressure: 500-535 psig; H2S Conc.: 0.09 vol. per- 
cent*; Duration: 234 days; Temperature: 875-900 F. 

* Calculated from sulfur in feed naphtha and H2S 
content in recycle gas by method presented in 
Reference 3 (Appendix I).- A molecular weight of 
120 for the naphtha and a 10:1 molal recycle-feed 
ratio is assumed. 


TABLE 
| Corrosion Rate (Mils/ Year) 
Temperature | Pressure —- - 
Location in Unit (Deg. F) (Psig) Material 0-5 Cr 12 Cr | 18 Cr/8 Ni 
No. Reactor (Inlet) 915-920 565 20.6 
| Type 302 1.5 
| Type 316 — | _ | 6.3 
| | Type 347 - — 1.2 
No. 4 Reactor (Inlet) 900-910 540 es. | 15.6 — - 
| 24% Cr 18.8 —_ ~ 
12 Cr — 8.7 — 
| Type 316 — —_ | 6.3 
| | Type 347 — — 4.6 


HeS Conc.: 0.015 vol. percent; Duration: 72 days. 


ment (up one year’s operation). The 
laboratory results were obtained tests 
hours duration with mix- 
tures 900 and 500 psig. 

Curves ATL summary graphs 
(Figures and are derived 
cross-plotting the corrosion rates from 
the iso-corrosion curves (Figures 
and 900 The individual values 
corrosion rate thus obtained are 
listed Table 


“Collection and Correlation High 
Temperature Hydrogen Sulfide Corro- 
sion Data” (Reference 12). 


Inspection Commercial Equipment 
Corrosion rates obtained from Cat- 
former units Port Arthur, Texas and 
Philadelphia, Pa., are tabulated Table 
These data are taken from Table 
the reference paper (Reference 12). 
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Figure 11—Corrosion rates of various steels in 
hydrogen sulfide-hydrogen mixtures 950 500 
psi, 100-hour laboratory tests, 
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Figure 12—Catalytic reformer average corrosion rates 
925 average 500 psi. 
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Figure 13—Effect of hydrogen sulfide concentration 
on corrosion rate at 985 F and 485 psig hydrogen 
pressure. 
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Figure 14—Diagram for predicting corrosion rates 
of low-carbon steels by mixtures of hydrogen sulfide 
and hydrogen at a total pressure of 300 psia. 
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TABLE 


| Corrosion Rate (Mils/ Year) 


|} 3 | — 
Corr. Rates.. 35 | 15 4.3 
asiniieaneies 925 F; Pressure: 680 psig; HeS 


Conc.: 0.05 vol. percent; Duration: 148 days. 


TABLE 


Corrosion Rate (Mils/ Year) 


Material 0-9 Cr 2 Cr 18 Cr, 8 Ni- 
14% Cr 47 | 
Cr. 
7 Cr... 44 
16 ~ 7.2 
Av. Corr. Rates.. 47 22 7.2 

| 
Temperature: 925 F; Pressure: 680 psig; Hes 


Conc.: 0.063 vol percent*; Duration: 251 days. 

* The corrosion rates listed in Table 14 are cumu- 
lative values corresponding to 251 days exposure at 
a weighted average H2S concentration of 0.063 vol. 
percent. The actual HeS conc. during run No. 2 (103 
days) was 0.08 vol. percent. 


TABLE 


Corrosion Rate 
| (Mils/ Year) 
Location -— - 


in Unit Material | 0-9 Cr 12 Cr 
Reactor 601.....} C.S. 17 
1 Cr 18 
2 Cr | 18 
5 Cr 20 
17 | 
} 8 
5 Cr 20 | - 
9 Cr | 19 | 
mer | | 8 
Reactor 
2 Cr 18 | 
mor 20 - 
<r 18 
9 Cr 20 
Reactor 604.....) C.S. | 14 
17 
2 Cr 18 
5Cr 19 
| 9 Cr 19 | 
Average Corrosion Rates: | Is 8 
Penne rature: 950 F; Pressure: 625 psig; HeS 


Conc.: 0.015 vol. percent; Duration: 71 days. 


ENGINEERS 


Canadian Petrofina Ltd. 


Communication (Reference 
Commercial Unit Corrosion Test 
Corrosion rates obtained from test 
coupons (supplied the International 
Nickel Company) exposed the first 
reactor the Ultraformer Montreal, 
P.Q., Canada are summarized 


D-X Sunray Oil Company 

“Collection and Correlation High 
Temperature Hydrogen Sulfide 
sion Data” (Reference 12). 
Inspection Commercial Equipment 

corrosion rate mils per year 
exchanger tube after six months service 
the Catformer Tulsa, The 
temperature, pressure and content 
were respectively 870 400 psig and 
0.04 vol. percent. These data appear 
Table the reference paper (Refer- 
ence 12). 


Humble Oil and Refining Company 


“High Temperature Sulfide Corrosion 
Catalytic Reforming Light Naph- 
thas” (Reference 6). 

(a) Commercial Unit Corrosion Test 

Corrosion rates measured the Hy- 
droformer unit Baytown, Texas are 
presented Table the reference 
paper (Reference 6). extract per- 
tinent data are summarized Table 
and Figure and appear Curves 
HUM-1 the summary graphs (Fig- 
ures and 3). 


(b) Inspection Commercial Equipment 


Inspection preheat and reheat fur- 
nace tubes and hot piping the 
Catalytic Reforming Unit Baytown, 
Texas, yielded the results summarized 
Table 


(c) Pilot Plant Corrosion Tests 


Corrosion rates obtained hour 
pilot plant tests 1000 reproduced 
Figure appear the summary 
graphs (Figures and Curves 
HUM-2 


Confidential Communication (Refer- 
ence 14). 
Commercial Unit Corrosion Tests 


Corrosion rates obtained 
spools exposed Platformer reactors 
are summarized Tables and 11. 


Major West Coast Refining Company 
Private Communication (Reference 
15). 
Commercial Unit Corrosion Tests 


Corrosion rates obtained 
spools exposed catalytic reforming 
reactors are summarized Table 12. 


TABLE 
Duration Cumulative HeS Conc. | Overall Corrosion 
Run No. (Days) Exposure (Days) (Vol. %) Rate (Mils/ Year) 


Temperature: 950 F; Pressure: 680 p psig. 


* Only the three rates corresponding to exposures ending with runs Nos. 1, 2 and 8 are plotted in the 


summary graph (Figure 1). 
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TABLE 
Corrosion Rate (Mils/ Year) 
Temperature | Duration - 
270 
Pressure: 500 psig; H2S Conc.: 0.005 vol. percent. 
TABLE TABLE 
Corrosion Rate Tem- Corrosion Rate 
Tem- (Mils/ Year) pera- (Mils/ Year) 
pera- - Location — 
L cation ture 12-16 In Unit (Deg. F)|/0-9 Cr| 12 Cr| Cr-Ni 
No. 1 Reactor | 
R: actor (Top)..... 885 83 32 10 BO ee 910 64 | 26 4 
R actor (Bottom).. 935 120 13 3 No. 2 Reactor a ; | f: 
R actor Effluent... 905 120 20 3 Pi) ape cee 895 62 24 5 
No. 3 Reactor | 
A erage Corrosion Rates: 108 21 5 CHINE 6s. ccvewa- 885 60 | 20 4 
Average Corrosion Rates: 62 23 4.3 
Pressure: 175 psig; HeS Conc.: 0.5 vol. percent 


D ration: 55 days. 


HeS Conc.: 0.04 vol. percent; Pressure: 550 psig; 
Duration: 50.5 days. 


TABLE TABLE 
Tem- Corrosion Rate Tem- Corrosion Rate 
pera- (Mils/ Year) pera- (Mils/ Year) 
N ». 1 Reactor No. 1 Reactor 
No. Reactor No. Reactor 
| 920 28 | 18 1.5 905 18 13 0.5 
No. 3 Reactor | No. 3 Reactor | 
Average Corrosion Rates: 1.5 Average Corrosion Rates: 0.7 


HeS Conc.: 0.02 vol. percent; Pressure: 570 psig; 
Duration: 213 days. 


HeS Conc.: 0.018 vol. percent; Pressure: 575 psig; 
Duration: 212 days. 


TABLE 
| 

HeS Corrosion Rate (Mils/ Year) 

Concentration — 
Vol. Percent) | 0-9 Cr 12 Cr 18 Cr/8 Ni 

0.017 20 | 8 2.£ 

0.040 100 40 12.5 

0.075 200 80 25.0 

0.44 500 200 62.5 


_ Temperature: 900 F; Pressure: 285 psig; Dura; 
tion: 0.7-11.7 days. 


Pure Oil Company 


“Collection and Correlation High 
Temperature Hydrogen Sulfide Corro- 
sion Data” (Reference 12). 


Inspection Commercial Equipment 


corrosion rate mils per year 
estimated for preheat fur- 
tube after eight months opera- 
tion the Sinclair-Baker catalytic 
reformer Heath, Ohio. The approxi- 
conditions were 900-1000 skin 
500 psig pressure and 0.026 
ol. percent 


Richfield Oil Corporation 
“How Richfield Plans Combat 
Sulfide Corrosion 
New Catalytic Reformer” (Refer- 
nce 


TABLE 23 
Corrosion Rate 
Location (Mils/ Year) 
in Unit , 
(Plant A) | Material | 0-5 Cr | 12 Cr | 18 Cr/8 Ni 
24% Cr 1.36 = | 
5 Cr 0.93 
12 Cr _— 0.83 _ 
Type 304 0.09 
Average Corrosion | 
| 0.82 0.83 0.09 


Temperature: 925-960 F; Pressure: 300-500 psig; 
HeS Conc.: 0.012 vol. percent; Duration: 258 days. 


Correlation Curves 


The corrosion rate curves reproduced 
Figure and Curves RIC the 
summary graphs (Figures and 
predict maximum corrosion rates 950 
and 400 psig. These curves represent 
composite 113 data points from six 
different oil companies covering range 
laboratory, pilot plant and refinery 
corrosion tests, well measure- 
ments operating equipment. The cor- 
rosion rates are pro-rated 400 hours 
exposure accordance with the find- 
ings Backensto (Reference 5). 


Shell Oil Company 
“Collection and Correlation 
High Temperature Hydrogen Sulfide 
Corrosion Data” (Reference 12). 


COMPILATION HIGH TEMPERATURE CATALYTIC REFORMER CORROSION DATA 
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> 


w 


Corrosion 


700 800 900 
METAL TEMPERATURE 


Figure 15—Diagram similar Figure 14, but plotted 
linear percent volume hydrogen sulfide (in 
pure hydrogen) scale—total pressure of 300 psia. 


Commercial Unit Corrosion Tests 


Corrosion rates obtained the Plat- 
former unit Wood River, are sum- 
marized Tables and 14, respec- 
tively for run No. and runs Nos. 
and combined. These data are re- 
vised version those originally appear- 
ing Table the reference paper 
(Reference 12). 


Private Communication (Reference 
17). 


(a) Commercial Unit Corrosion Tests 

Corrosion rates obtained the Plat- 
former unit Anacortes, Wash., are 
summarized Table 15. 


(b) Inspection Commercial Equipment 

Periodic inspection spool piece 
from preheat furnace transfer 
line the No. Platformer unit 
Wood River, yielded the results 
listed Table 16. 

corrosion rate mils/year was 
furnace tube from the Platformer 
unit Wood River, Ill. The tube had 
been exposed 758 days 0.08 vol. per- 
cent 670 psig and 955 (1135 
max. metal temperature). 


Sinclair Refining Company 
“Effect Hot H.S Environments 
Various Metals” (Reference 4). 


(a) Laboratory Corrosion Tests 


Corrosion rates obtained 100 hour 
laboratory tests with mixtures 
950 and 500 psig are reproduced 
Figure 11, and appear the summary 
graphs (Figures and Curves 
SIN-1. 
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TABLE TABLE 
| Corrosion Rate | Corrosion Rate (Mils/ Year) 
Location | | (Mils/ Year) | Duration a a = 
Reactor Cs. | 5.1 | | — | C-% Mo 3.4 | 
| 5 Cr 3.8 ont | = 
Temperature: 925-960 F; Pressure: 300-500 psig; — — | 
HeS Conc.: 0.017 vol. percent; Duration: 395 days. 150 ce. 4.6 eke | == 
5 Cr 2.9 | 
Location (Mils/ Year) 
(Plant B) | Material | 0-5 Cr | 12 Cr | 18 Cr/8 Ni Sr | a ——- | 
Reactor Prods. Exchanger........ 668 2.2 


9-625 psig; 
HaS Conc.: 0.031 vol. percent; Duration: 188 days. 


TABLE 


Corrosion Rate 
Location (Mils/ Year) 


in Unit 


(Plant B) Material | 0-5 Cr | 12 Cr | 18 Cr/8 Ni 


Reactor 
101 } 1 

2 

5 


Reactor 
103 1 
2 
5 


Type 304 | 1.2 
Type 316 


Average Corrosion 
| 


Temperature: 925-960 F; Pressure: 525-625 psig; 
H2S Conc.: 0.040 vol. percent; Duration: 289 days. 


(b) Commercial Unit Corrosion Tests 

Corrosion rates obtained 
spools placed various locations the 
catalytic reforming units Marcus 
Hook, Pa., and East Chicago, Ind., are 
summarized Table the reference 
paper (Reference 4). graphical pres- 
entation these data reproduced 
Figure and also appears Curves 
SIN-2 the summary graphs (Figures 
and 3). 


“Collection and Correlation 
High Temperature Hydrogen Sulfide 
Corrosion (Reference 12). 


Inspection 

Corrosion rates obtained from operat- 
ing catalytic reforming equipment 
Marcus Hook, Pa., are summarized 
Table 17. These data are taken from 
Table the reference paper (Refer- 
ence 12). 


Socony Mobil Oil Company 


“High Temperature Hydrogen Sul- 
fide Corrosion” (Reference 5). 
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Temperature: 940 


Laboratory Corrosion Tests 

Corrosion rates obtained laboratory 
tests lasting 500 hours 
mixtures 985 and 485 psig are repro- 
duced Figure 13, and appear the 
summary graphs (Figures and 
Curves SOC. 

corrosion rate mils/year was 
tube after three week run with Ku- 
wait naphtha mixed with 11.1 vol. per- 
cent and 0.085 vol. percent The 
pressure and tube skin temperature 
were 460 psig and 905 respectively. 

“High Temperature Hydrogen Sul- 
fide Corrosion Thermofor Catalytic 
Reformers” (Reference 18). 


Commercial Unit Corrosion Tests 
Corrosion rates measured test cou- 
pons exposed for days the Ther- 
mofor Catalytic Reforming unit Tor- 
rance, California, are tabulated Table 
18. These data are presented Figure 
the reference paper (Reference 18). 


“High-Temperature Hydrogen Sul- 
fide Corrosion Commercial Sova- 
former Units” (Reference 19). 


Commercial Unit Corrosion Tests 

Corrosion rates measured test cou- 
pons exposed the Sovaformer unit 
Ferndale, Wash., are tabulated Ta- 
bles and 20. These data are taken 
from Figures and the reference 
paper (Reference 19). 

Corrosion rates measured test cou- 
pons exposed the Sovaformer unit 
Augusta, Kan. are tabulated Table 
21. These data are taken from Figure 
the reference paper (Reference 


Standard Oil Company Indiana 


“Corrosion Control Ultraform- 
ing” (Reference 2). 
(a) Laboratory Corrosion Tests 

corrosion curves for low carbon steels 
obtained laboratory tests 280 
hours duration with mixtures. 
According the experimenters, these 
results are equally applicable steels 
containing approximately per- 
cent Cr. 


F; Pressure: 600 psig; H2S Conc.: 0.0016 vol. percent. 


Curve IND summary graph (Fig- 
ure derived cross-plotting the 
corrosion rates from Figure 900 
Curves IND for and Cr/8 
steels, appearing the other sum- 
mary graphs (Figures and 3), are con- 
structed dividing the corrosion rate 
values Figure 2.5 and 8.0 re- 
spectively, accordance with Indiana’s 
experimental findings. 

The individual values corrosion 
rate thus obtained are listed Table 22. 


(b) Commercial Unit Corrosion Tests 

Corrosion rates and mils 
per year were obtained from carbon 
steel coupons exposed the recycle gas 
stream Ultraformer unit for 400- 
1100 hours. The respective approximate 
conditions exposure were 950-1000 
0.32 vol. percent and 950 0.23 
vol. percent 


Task Group T-5B-2” (Reference 3). 


Commercial Unit Corrosion Test 

Corrosion rates ranging from 32-43 
mils per year 0-9 steels and 3.3 
mils per year Cr/8 steel were 
obtained 1125 hour run the re- 
cycle gas furnace the Ultraformer 
Wood River, Ill. The coupons were ex- 
posed temperature and pressure 
1030 and 340 psig gas containing 
0.029 vol. percent 


Sun Oil Company 
Private Communication (Reference 
20). 
Commercial Unit Corrosion Tests 
Corrosion rates obtained 
spools exposed the reactors two 
Houdriformer units Marcus Hook, 


Pa. are summarized Tables 23, 24, 
and 26. 


Texas Company 

Private Communication (Reference 
21). 
Commercial Unit Corrosion Tests 

Corrosion rates obtained 
spools exposed the No. Platformer 
unit Port Arthur, Texas, are sum- 
marized Table 27. 


q 
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: 
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— = q 
|} 24.3 | - | 
44 Cr |} 32.1 | 
Cr 35.0 - - 
; Cr 31.2 - | = 
12 Cr 12.1 | 
: Type 304 - 2.7 
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High-Temperature Hydrogen Sulfide 


Publication 58-3 


Corrosion Stainless Steels* 


Contribution the Work NACE Technical Group Committee 


Introduction 


IGH-TEMPERATURE hydrogen 
sulfide corrosion problems the 
petroleum industry became acute during 
the rapid expansion catalytic reform- 
ing used upgrade the octane number 
motor gasolines. catalytic reform- 
ing large amount hydrogen 
present and the sulfur the naphtha 
charge converted hydrogen sulfide. 
the high temperatures catalytic 
reformers the hydrogen sulfide attacks 
steels form troublesome iron sulfide 
scale which can interfere with continu- 
ous operation the unit. 

During the past few years the petro- 
leum industry has been searching for 
practical solutions high-temperature 
hydrogen sulfide corrosion problems. 
During this time Socony Mobil has been 
conducting extensive study this 
problem, including laboratory and field 
tests. Early data from this work were 
reported two years ago the South 
Central Regional NACE Meeting.’ Since 
that time considerable amount in- 
formation this subject has appeared 
also the literature; bibliography 
this subject appeared panel report 
the API Subcommittee Corrosion 
last 

The API report points out that early 
corrosion experience with catalytic re- 
formers indicated new and severe type 
attack. Later developments showed 
that metal loss from this type attack 
was not serious anticipated and 
that the corrosion scale 
fered with continuous operation was 
the major difficulty. Today these prob- 
lems are being dealt with primarily 
feed desulfurization and 
metal selection. 

From standpoint metal selection, 
only the austenitic stainless steels ap- 
pear offer satisfactory resistance 
high-temperature hydrogen sulfide cor- 


% A paper presented at a meeting of Tech- 
nical Group Committee T-8, Oklahoma 
City, Oklahoma, October 1, 1957. 

@) Socony Mobil Oil Company, Inc., Research 
and Development Laboratory, Paulsboro, 
New Jersey. 


Abstract 


recent years the petroleum industry 
has been plagued with a number of 
high temperature hydrogen sulfide cor- 
rosion problems, primarily in connec- 
tion with catalytic reforming. To com- 
bat this problem from standpoint 
materials selection, only the austenitic 
steels offer satisfactory resistance to 
this type of attack under a wide range 
of conditions. 

This paper reports the results lab- 
oratory investigations chiefly stain- 
less steels, covering the following main 
topics: 1. The possible application of 
the new manganese-modified stainless 
steels, The effect heat treatment 
corrosion rates of wrought, weld and 
cast stainless steel, and 4. Some tests 
on stress corrosion cracking. 8.4.3 


rosion under wide range conditions. 
Data reported number investi- 
gators’ bear out this general statement. 
This does not mean, however, that all 
high-temperature hydrogen sulfide cor- 
rosion problems can solved most 
economically using austenitic stain- 
less steels. Under some conditions, even 
these metals corrode high enough 
rate cause excessive scale formation. 
Recent data obtained the authors’ 
laboratory study shed more light the 
behavior stainless steels 
temperature hydrogen-hydrogen sulfide 
atmospheres and therefore are presented 
this paper. 

Earlier work’ shows that the conven- 
tional materials construction may 
divided into three general groups, with 
respect their corrosion rate hy- 
drogen-hydrogen sulfide atmosphere; 
namely, the 0-5 percent chromium 
steels, the 7-16 percent chromium steels, 
and the chromium-nickel steels. The 
austenitic chromium-nickel stainless 
steels provide the best corrosion resist- 
ance over wide range conditions. 
The group carbon and low chromium 
steels exhibit the poorest corrosion re- 
sistance. The intermediate group 7-16 
percent chromium steels are unpredict- 
able; they are usually better than 
lower chromium steels except mild 
conditions. 
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TABLE 1—Summary Laboratory Corrosion Test Results Stainless Steels 


Temperature, Degrees F......... 500 525 600 700 | 700 750 800 900 | 950 960 970 985 1120 1390 1390 
Hydrogen Pressure, psig......... 465 465 465 465 | 465 | 595 465 465 485 485 485 485 185 185 
H2S Concentration in Hz, % Vol.| 0.30 | 0.30 0.30 0.03 | 0.10 | 10.0 0.30 0.30 0.10 0.80 0.20 0.75 0.05 0.05 0.15 
Length of Test, Hours.......... | 181 | 236 259 183. | 230 | 274 275 246 5 461 234 222 415 458 468 
, Corrosion Rate, In./Yr. 
OS, Aw 8 OO ere | 0.002 | 0.012 0.025 | 0.025 0.064 0.23 0.14 0.10 0.12 0.34 | 0.25 | 0.46 0.10 | 0.001 0.038 
12 Cr Steel—Type 405.......... | 0.0004) — 0.022 | 0.002; — | — 0.11 0.050 | 0.075 —_ | —_ —_ — | 0.013 | 0.18 
12 Cr Steel—Type 410........ -| 0.004 _ _ 0.003 | 0.053 — 0.11 — | 0.22 0.19 0.30 | 0.10 _ 0.16 
16 Cr Steel—Type 430........ -| 0.0008) 0.003 0.006 0.008 | 0.014 | 0.013 | 0.011 0.016 | 0.039 0.030 | 0.060 | — 0.016 0.24 
26 Cr Steel—Type 446.......... | 0.002 0.009 | 0.013 0.011 | 0.012 | 0.006 0.005 | 0.010 | 0.010 0.015 | 0.026 0.042 | 0.041 0.076 | 0.23 
| 0.0001, 0.001 | 0.001 0.002 | 0.003 | 0.007 0.003 0.007 | 0.007 0.023 | 0.027 | 0.040 | 0.012 | 0.005 0.065 


1 Test re are average of measurements; rs are indiv idual measurements. 


TABLE Commercial Catalytic 
Reforming Unit 


Conditions Ist Test | 2nd Test 


Estimated Average 
Temperature, Degrees F. .| 
| 


1150 | 1110 
Total Pressure, psig...... } 190 185 
Concentration, 
0.03 0.005 
E xposure Time, Days... 55 318 
Corrosion Rate, 
Materials In./ Yr. 
0-9% Cr Steels...... 0.110 | 0.040 
12-16% Cr Steels. . 0.065 | 0.030 
Cr-Ni Steels... . 0.055 | 0.024 


Two General Types Stainless Steels 


Included the unpredictable 7-16 
straight-chromium stainless steels the 
400-series, which not have aus- 
tenitic structure, stainless 
steels the compare 
these straight-chromium stainless steels 
with the other steels, summary cor- 
rosion rates shown Table This 
summary includes all laboratory runs 
more than 180 hours exposure that in- 
cluded both percent chromium 
steel and least one other straight- 
chromium stainless steel. wide range 
conditions shown; data appear for 
temperatures from 500 1400 and 
for hydrogen sulfide concentrations 
0.03 percent volume. For compari- 
son, Table also shows the corrosion 
rates obtained the percent chro- 
mium steels and austenitic 
chromium-nickel stainless steels. Study 
the table shows that, while the data 
are scattered, some conclusions may 
drawn: 


(1) For temperatures the operating 
range most catalytic reformers and 
stainless steels are the most resistant 
hydrogen sulfide corrosion, and the 
carbon and low chromium steels are 
the least resistant. 
mium stainless steels usually have 
resistance somewhere between the other 
two groups. 


(2) The corrosion rates the 0-5 
percent chromium steels increase with 
temperatures about 1000 Be- 
yond this temperature the corrosion 
rates decrease. This decrease corro- 
sion rate can predicted from Rosen- 
quist’s thermodynamic data, described 
The corrosion rates 
steels also increase with temperature, 
but these rates continue increase 
least 1400 (the highest temperature 
which the authors have data). 
result, the corrosion rates the stain- 
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TABLE 3—Effect Heat Treatment Corrosion Rate Stainless Steels 


Average Conditions 
Temperature, Degrees F........ 


L ength o of Test, Hours. . > 


Materials 


18-8S, Type 304 (Wrought). . 


18- 8SL, Type 304L (W 
18-8SL, Type 304L (Wrought) 
18-8SL, Type 304L (Wrought) 
18 L, Type 304L (Wrought) 
18-8SL, Type 304L (W rought) 


Run No.: L-16 to L-18 


18-8C, Type 
18 


18-8C, Type 347 (Weld).. 


25-20, Type 310 (w 
0, Type 310 (Wrought) 
33.2 20; Type 310 (Wrought) 


1 A -Heated 2 
B—Heated 2 hours at 1400 F, air quenched. 


347 (W rough) 


Heat Corrosion Rate, 
Treatment! in. 
None | 0. 0052,0.0048 
B 0.0019,0.0013 
None | 0.0057 
A | 0.0048 
0.0070 
None 0. 0102,0. 01: 20 
| B 0.0021,0.0016 
0.0076 
None 
None 0.0041 
A | 0.0028 
0.0030 


day sat 1400 slowly 


C—Heated 4 hours at 1650 F, rapidly cooled in air. 


less steels become greater than those 
the 0-5 percent chromium steels 
some temperature between 1000 and 
1400 will noted that 1400 
none these steels has sufficient corro- 
sion resistance hydrogen sulfide, for 
practical use, except very low hydro- 
gen sulfide concentrations. 


(3) Below 1000 the corrosion rates 
for the percent chromium steels are 
generally not greatly lower than the 
rates for the 0-5 percent chromium steel, 
except low hydrogen sulfide concen- 
tration. Increasing the chromium 
tent the steel 16-26 percent will 
generally show marked lowering 
corrosion rate. Below 700 the corro- 
sion rate for the percent chromium 
steel higher than the rate for the 
percent chromium steel; above 
the rate slightly lower. tempera- 
tures around 1000 and high hydro- 
gen sulfide concentrations, there 
significant difference corrosion rate 
for percent chromium, percent 
chromium, and the austenitic stainless 
steels. 1400 the straight-chromium 
stainless steels exhibit corrosion rates 
considerably higher than either the aus- 
tenitic stainless steels the 0-5 percent 
chromium steels. 


Laboratory data below 1000 show 
that the corrosion rates for the austenitic 
stainless steels are less than one-tenth 
the rates for the 0-5 percent chromium 


TABLE 4—Comparison Wrought, Weld, 
Cast Steel Corrosion Rates 


Run Run L-20 
Average Conditions 
Temperature, Degrees F. .| 750 975 
Hydrogen Pressure, psig. . 485 485 
HeS Conc. in He, % Vol.. 1.5 1.5 
Length of Test, Hours... . 590 990 
Corrosion Rate, 
Materials | In./Yr. 
Type 304, 0.0122 0.0239 
Type 304, Weld.........| 0.0083 0.0171 
Type 304° | 0.0084 0.0154 
Type 304L, Wrought.... . 0.0104 0.0250 
Type 304L, Weld........ 0.0078 0.0212 
Ty pe Oe 0.0057 0.0123 
Type 316, Ww rought ye 0.0112 0.0208 
Ty pe 0.0113 0.0220 
Ty; pe 316L, Ww 0.0119 0.0240 
pepe 310, Wrought...... 0.0049 0.0145 
Type 310, Weld......... 0.0047 0.0117 
Type S10, Cast 0.0030 0.0123 
steels. already pointed out, above 


1000 the corrosion rates for the aus- 
tenitic stainless steels begin approach 
the rates the 0-5 percent chromium 
steels and may actually greater 
higher temperatures. These laboratory 
data are supported qualitatively re- 
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HIGH-TEM PERATURE HYDROGEN SULFIDE CORROSION STAINLESS STEELS 


TABLE 5—Chemical Analysis Metals Used Corrosion Test 


Heat 
Description Supplier Number Cc Cr Ni Mo | Mn Ss Si Al | Cu Cb Ta N 
Type 304—Cast (CF8)..... Alloy Steel Casting Co...| 6498 0.041} 19.33) 10.33) — 1.49} 1.13 
Type 304L—Weld (Type | | 
Type 304L—Cast (CF4).. Alloy Steel Products Co. 9074 0.03 18.65} 9.80) — 0.63; — 0.94 | —_— 
Type 316—W rought....... G. O. Carlson Co.. 64073-1C | 0.041] 17.78) 12.93 1.84| 0.023} 0.017 0.70; — | 0.20) — (24 Seas 
Type Cast... Alloy Steel Casting Co..| 6552 0.035; 17.65} 11.47) 1.22} — 1.06 
Type 347—Wrought....... G, Caton Co. 54708-1A | 0.060) 18.69) 11.29} — 1.65 0.012} 0.68) — 0.23) 0.69) 0.13 
Type 310—Wrought....... Carlson 54038-1B | 0.060 24.76} 20.07; — | 1.25) 0.015) 0.55) — | 0.12; — 
Type Allegheny Ludlum Steel | | | | | | 
US ..| United States Steel Corp. 7X1077 0.06 | 18.07} 0.52) — 15.20) 0.022; 0.008} 0.10) — — | 0.51 
| Babcock & Wilcox...... | 0.056; 21.42 0.14 0.04; 0.42) 0.014; 0.006) 1.08; 2.24) 0.07; — | 
12 Cr—4 Al. U. S& Pipe & Foundry... 0.074) 12.26) — | — 0.91; — 0.95) 3.82) — — 
| | | } I | 


Laboratory Tests 


Commercial Reforming Unit ‘Tests! 


Temperature, Degrees F. beware 750 | 750 790 810 805 | 1030 730 | 685 700 925 
| 485 595 200 500 | 785 | 175 500 500 450 575 
HeS Cone. in H2% WU ith ee ae ake | 1.5 10.5 5 10.2 6.2 | 11.8 0.10 0.01-0. 1 0.01-0.1 0. 05- 0.15 | 0. 001. “0.0 o1 
Materials Tested? Corrosion Rate, In./Yr. 
0. 0060 | 0.007 0.025 | 0. .0: | 0.029 | 0.010 0. 0005 0.0011 0.0010 0.0023 
18 Cr—9 ha 6 Ni, Ty; pe 204 EL ie... oe sca 0.0050 “0. 010 | 0.016 | 0. 015 5 0.025 | —_— | 0. 0004 0.0011 0.0009 0.0045 
18 Cr—15 Mn— N, U ss “Tenelon 0.0042 0.01 1 0.010 “0.009 | 0.011 | 0.0004 0.0020 0. 0015 | 0. 0064 


1 Each represents the average three tests at 
2 The exposure time was 12-30 days for ey tests and 100-200 days for the commercial tests. 


3 Results for the 0-5 percent Cr and Cr-N 


sults test coupons placed 
recycle heater transfer line Ther- 
mofor Catalytic shown 
Table The commercial unit 
1100 show that the corrosion rate for 
the austenitic stainless steels only 
one-half the rate for the 0-9 percent 
chromium steels. 


Heat Treated Stainless Steels 

components for commercial use, may 
necessary, even advisable, in- 
clude heat treatment step. Therefore, 
important know what effect 
various heat treatments may have 
corrosion rates. Before subjecting vari- 
ous wrought test coupons the 300- 
series hydrogen sulfide 
atmosphere laboratory units, several 
were heat-treated, described 
Table Heat treats and are 
sensitizing treatments which produce 
intergranular precipitation carbides. 
These laboratory procedures should re- 
produce condition which may exist 
result fabrication and welding. Heat 
treat stabilization treatment used 
times overcome tendency toward 
intergranular attack and cracking. 

almost all cases the heat treatment 
caused significant reduction corro- 
sion rate wrought specimens. The 


same trend also was observed for Type 
347 weld metal. 


Wrought, Weld and Cast 
Stainless Steels 


Most the high-temperature hydro- 
gen sulfide corrosion data the litera- 
ture are reported for wrought steels. 
However, integral parts commercial 
unit may also require the use cast 
materials and, course, number 
different welding rod compositions may 
employed. Therefore, becomes im- 
portant know the relative corrosion 
rates for wrought, weld, and cast stain- 
less steels hydrogen-hydrogen sul- 
fide atmosphere. 

Laboratory tests have been made 
many the conventional austenitic 
stainless steels; namely, Types 304, 
304L, 316, 316L, and 310, reported 
Table The results show 
weld and cast stainless steels exhibited 
lower corrosion rates than wrought 
metal. The chemical compositions the 
weld and cast metals tested are reported 
Table along with the compositions 
the other stainless steels reported 
this paper. 


Manganese-Modified Austenitic 


Stainless Steels 


recent years, while nickel was 
considerable attention 


Ji steels are average of several measurements; the manganese-modified steels are single measurements for each test. 


was paid the new manganese-modi- 
fied austenitic stainless steels. Because 
this interest, several these new 
stainless steels have been exposed 
high-temperature, hydrogen-hydrogen 
sulfide streams, both laboratory and 
commercial units. The data obtained are 
summarized Table 

These results show that the corrosion 
rates for the manganese-modified steels 
are the same order for the con- 
ventional austenitic stainless steels be- 
low 900 Above 
these new steels may exhibit somewhat 
higher corrosion rates than the conven- 
tional steels. general, the commercial 
unit tests confirm those conducted the 
laboratory. 

will noted that the corrosion 
rate for USS Tenelon was lower than 
the rates for the Type 202 and Type 
204 ELC steels laboratory tests; 
however, the commercial unit, USS 
Tenelon exhibited slightly higher rate 
than did the other manganese-modified 
steels. The reason for this difference 
unknown. 


Miscellaneous Metals 
Certain materials not commonly used 
for high temperature hydrogen sulfide 
corrosion protection also were tested. 
These include high-nickel-chromium al- 
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loys and certain high chromium-alumi- 
num steels. These materials were tested 
750 and 1.5 percent volume hydro- 
gen sulfide. Their corrosion rates may 
compared with rates for austenitic 
stainless steels Table 

The high-nickel-chromium alloys are 
interest because their resistance 
stress corrosion cracking. Three such 
alloys tested exhibited corrosion rates 
the same magnitude the austenitic 
stainless steels, Incoloy being some- 
what lower and Inconel slightly higher. 
This same relative trend for Incoloy, 
Inco 804, and Inconel was found 
another test somewhat different con- 
ditions (700 465 psig, 0.3 percent vol. 
hydrogen sulfide hydrogen for 185 
hours). These materials, however, have 
not been investigated higher temper- 
atures. 

Aluminum very resistant high 
temperature 
but its poor mechanical properties pre- 
clude its use pressure equipment. For 
the test reported (Table commercial 
aluminum showed metal loss. Ger- 
man literature the early indi- 
cates that aluminum addition steels, 
particularly percent more, may im- 
prove the high-temperature hydrogen 
sulfide corrosion resistance the metal. 
For this reason aluminum 
mium-aluminum steels were included 
the test reported Table 
alloy, obtained from the Pipe and 
Foundry Metallurgical Research De- 
partment, containing percent chro- 
mium and percent 
showed metal loss. similar alloy, 
Croloy exhibited low corrosion 
rate 0.003 in./yr. these test condi- 
tions. Croloy however, exhibited 
corrosion rates 100 percent greater 
than the austenitic stainless steels 
higher temperatures 1000-1500 


Stress Corrosion Cracking 


has been indicated above, the use 
austenitic stainless steels often re- 
quired because their superior resist- 
ance hydrogen- 
hydrogen sulfide corrosion. These steels 
are, however, peculiarly susceptible 
stress corrosion cracking certain en- 
vironments that may exist commer- 
cial units such reformers. Apart from 
chlorides, which are well known pro- 
mote stress corrosion cracking aus- 
tenitic stainless steels, the literature re- 
that polythionic acids formed 
the action moisture iron sulfide 
can also have this effect. 

The authors know case stress 
corrosion cracking stainless steel 
have occurred because high-tempera- 
ture, hydrogen-hydrogen sulfide corro- 
sion during the actual operation 
commercial unit. Stress corrosion crack- 
ing failures have occurred during down 
thionic acids formed, explained above, 
are the cause. Current practice the 
field avoid the formation poly- 
thionic acids during shutdowns, 
neutralize acids before any 

preliminary attempt has been made 
reproduce this stress corrosion crack- 
ing phenomenon the laboratory. This 
was done exposing 
mens first high temperature sulfide 
atmosphere long enough build 
scale, and then condensing steam 
atmosphere. 

Figure shows the actual test set-up. 
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Figure 1—Photograph of stressed specimen couple. 


were tested pairs. shown the 
figure, fulcrum was placed the cen- 
ter between specimens, 
and the ends the specimens were 
pulled together bolts. carefully 
measuring the deflection the ends 
the specimens after tightening the 
bolts, was possible calculate the 
stresses the top fibers the speci- 
mens. 

the initial test, specimens stressed 
10,000 psi were subjected sulfidiz- 
ing conditions (700 485 psig, 1.5 per- 
cent vol. hydrogen sulfide hydrogen) 
for hours, followed exposure 
condensing steam for four hours. All 
the conventional austenitic steels were 
tested this cracking was 
observed; therefore, the same specimens 
were stressed above the yield point 
above 30,000 psi) and returned the 
sulfidizing atmosphere for additional 
hours. After four hours steaming, 
only one specimen, Type 304, showed 
visible cracking. photograph this 
cracked specimen shown Figure 
None the other coupons showed 
microscopic cracking metallurgical 
examination. 

Further investigation 
the cracked Type 304 specimen had 
been severely cold-worked prior the 
test cycle. Therefore, when similar pre- 
liminary tests were 
wrought specimens having area 
weld metal the center, several 
these specimens were marked with 
chisel give areas cold-worked 
metal. The exploratory tests included 
all conditions expected the fabrica- 
tion unit. Tests artificially sensi- 
tized material were not included; how- 
ever, the weld area should have been 
sensitized some degree the Type 
any these specimens, attributable 
stress corrosion cracking polythionic 
acids, was observed after stressing, sul- 
fidizing, and steaming. 

The authors not consider these 
preliminary tests conclusive and 
additional work needed determine 
the role polythionic acids stress 
corrosion cracking steels. 


Conclusions 


The corrosion results stainless 
steels high-temperature, hydrogen- 
hydrogen sulfide atmospheres may 
summarized follows: 


Under conditions that are most likely 
encountered commercial cata- 
lytic reforming desulfurization 
units, the 300-series stain- 
less steels afford better resistance 
high-temperature sulfide 
mium stainless steels the 400-series. 
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Figure 2—Two views of Type 304 specimen that 

cracked in laboratory test. Note failure of upper 

specimen due to crack in middle of specimen (visible 
in top view). 


TABLE 7—Corrosion Test Results for 
Miscellaneous Metals 


Run L-21 


Average Conditions | 
Temperature, Degrees F...... 750 
Hydrogen Pressure, psig...... 485 
H2S Conc. in He, % Vol...... 1.5 
Length of Test, Hours........ 730 


Materials In./Yr. 


18-8S—Type 304............. 0.0079 
18-8C—Type 347............ 0.0065 
25-12S—Type 309............ 0.0049 

0.0077 
18 Cr—9 Mn—6 ! | 

Type 204 ELC.. | 0.0050 
18 Cr—15 Mn—'y N— 

Ni—21 Cr—Incoloy....... 0.0029 
Ni—30 Cr—Inco 804...... 0.0050 
78 Ni—15 Cr—Inconel........ 0.0101 
Commercial Aluminum....... | Nil (untarnished) 
12 Cr—4 Al—Special Alloy... .! , Nil (slight 

| tarnish) 
20 Cr—2 Al—Croloy 20-2Al... 0.0030 


The manganese-modified and the con- 
ventional austenitic stainless steels ex- 
hibited corrosion rates the same 
order, both laboratory and com- 


mercial unit tests. 


1400-1650 for from two hours 
two days, followed air quenching 
slow furnace cooling, improved the 
resistance these steels 
temperature hydrogen sulfide corro- 


sion. 


Corrosion rates for wrought stainless 
steels are higher than for weld cast 
steels similar 


The authors’ preliminary tests 
stress corrosion cracking are incon- 
clusive and additional information will 
moist iron sulfide scale plays pro- 
moting cracking austenitic steel. 
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Breakaway Oxidation Zirconium-Tin Alloys* 


EARL GULBRANSEN* and KENNETH ANDREW 


Introduction 
REAKAWAY 
actions have been 

both zirconium and zirconium-tin alloys 
air and oxygen well steam 
observed for 1.8 percent alloy con- 
taining small amounts iron, nickel, 
and chromium that breakaway corrosion 
350.0 micrograms per for both 
and 100 atmospheres pressures. 

study the air oxida- 
cent showed that breakdown occurred 
weight gain 1000 micrograms per 
600 and 600 micrograms per 
500 the times for break- 
down being nine hours 600 and 
hours 500 From the shape Ken- 
700 experiment would appear 
that breakaway reaction occurs for 
reaction time less than two hours. 

contrast Kendall’s results Mal- 
lett and have observed rod 
specimens that the time for breakdown 
reaches minimum value about 
hours 700 and increases 100 
hours 800 This unusual behavior 
can explained only assuming that 
the weight gain for breakdown increases 
rapidly with temperature. addition 
the shape factor the specimen may 
play important role. The work 
Garibotti, Green, and also should 
mentioned since these authors have 
shown that both oxygen 
must present give the high oxida- 
tion rates observed air for the pure 
metal. 

This note will present evidence the 
time, temperature, and weight gain con- 
ditions for breakaway oxidation Zir- 
caloy containing 1.45 percent and 
small amounts Fe, Ni, and Cr. 


Experimental Procedure 
vacuum microbalance and associated 
was used study the ki- 
netics the oxidation process. Samples 
the alloy were obtained 
Westinghouse Atomic Power Division. 
The alloy has the following analyses: 


1.45 
0.135 
0.055 
0.100 
0.0038 
0.0020 
0.1400 
0.0045 
0.0055 


The sample surface was prepared 
abrading through 4/0 paper under puri- 
fied kerosene and 
mens had surface areas 1.4 and 
weighed 0.1235 gm. 

Each the samples was reacted with 
0.1 atmosphere and oxygen manner 


* Submitted for publication January 9, 1957. 
* Westinghouse Research Laboratories, Pitts- 
burgh, Pennsylvania, 
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Abstract 


A breakaway oxidation reaction is found 
for zirconium-tin alloys similar to the 
breakaway corrosion reaction found for 
steam reactions. oxidation sim- 
ple reaction to study, the basic break- 
away phenomena may elucidated. 
Data are given show 
away oxidation of Zircaloy II at tem- 
peratures from 600 800 


previously Figure shows 
five oxidation experiments for tempera- 
tures 600 800 Here the weight 
gain units micrograms per 
plotted against the time minutes. 
The onset change oxidation 
mechanism indicated the arrows 
for each temperature. 

The weight gain which breakaway 
oxidation observed depends upon the 
time and temperature. 600 and 
650 the weight gain for breakaway 
about 1000 micrograms per while 
the weight gain 750 1650 micro- 
grams per cm. The times for transi- 
tion the oxidation rate nine hours 
600 and two hours 750 


Curve Figure for the 800 
run indicates that breakaway conditions 
have not been reached. However, para- 
bolic rate law plot the data shows 
that breakaway condition beginning 
2750 micrograms per cm. Since 
the oxidation rate can fitted the 
parabolic rate law, the change oxida- 
tion mechanism best shown the 
parabolic rate law plots. Figure shows 
plot the weight gain squared 
function time for the 700 
ment. 

The effect temperature the 
weight gain which breakaway oxida- 
tion begins shown Figure The 
authors’ explanation the rapid increase 
the weight gain for breakdown 
that the solution oxide the alloy 
becoming increasing importance 
for the higher temperature experiments. 
The thickness the oxide film for 
breakaway oxidation result not 
that given the measured weight gain. 

Although breakaway corrosion reac- 
tions have been observed for zirconium 
and its alloys, similar effects are ob- 
served other fact all but 
the noble metals fail corrosion reac- 
tions for one more reasons. 


Conclusions 


concluded that the conditions for 
breakaway oxidation zirconium-tin 
alloy are function time and tempera- 
ture. The weight gain for breakaway 
oxidation increases with the reaction 
temperature and probably due the 
solution oxygen the alloy. The 
rapid increase the weight gain for 
breakaway with temperature explains 
part the results Mallett and Albrecht 
and the fact that minimum time for 
breakaway oxidation found Figure 

Since the oxidation reaction can 
studied under more 
tions, may possible elucidate 
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Figure 1—Breakaway oxidation of Zircaloy II for 
temperatures ranging from 600 C to 800 C with 
7.6 cm of Hg or Ov. Metal was abraded through 
4/0 paper. Code to curves is as follows: A—800 ¢, 
B—750C, D—650C, E—600C. 
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Figure 2—Parabolic plot of oxidation of Zircaloy || 
at 700C and 7.6 cm of Hg of Ov. 
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Figure 3—Weight gain for breakaway oxidation 
a function of temperature for Zircaloy Il. 


the fundamental factors underlying this 
interesting phenomena, and thus improve 
the performance particular material. 
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Theoretical Aspects Corrosion 
Low Water Producing Sweet Oil Wells 
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Introduction 

REVIOUS Com- 

mittee T-1C and Task Group 
T-1C-4, based work done 
chairman, have shown that hydrolysis 
sulfate scale may the reason for cor- 
rosion low producing sweet 
oil wells (previously called water inde- 
pendent corrosior). Data from the 
NACE questionnaire concerning corro- 
sion and scale formation the low 
water producing sweet oil wells indicate 
that this type corrosion serious, 
but not widely spread, problem. 
the 2,613 low water producing sweet oil 
wells considered, about percent suf- 
fered severe corrosion. These wells were 
located along the Louisiana Gulf Coast, 
Texas Gulf Coast and Venezuela. 

The service life tubing corrosive 
wells about 3-4 years. 
feature corrosion which has been de- 
tected the pulled tubing localized 
pitting underneath the scale. One com- 
pany also has reported pitting 
neath the paraffin deposit. The scale 
which has been found these corrosive 
wells composed CaCOs, 
NaCl, and iron oxides. 

The pitting type attack has been re- 
produced successfully under laboratory 
conditions and the results reported. The 
mechanism corrosion occurring after 
the scale has been deposited under- 
stood. There is, however, lack simple 
criteria predict corrosion and clar- 
ify the occurrence scale constituents 
before they appear the tubing. 
study was conducted therefore the 
occurrence and properties 
forming components. 

The study confirmed that the principal 
corrosive agents the low water pro- 
ducing sweet oil wells are hydrolytic 
products inorganic salts. These salts 
cause corrosion when deposited metal 
either the form thin layer 
consolidated scale. The frame the 


© Joy T. Payton, The Texas Co., Houston, 
Texas, chairman.’ 

® Rado Lonearie, Atlantic Refining Co., Dal- 
las, Texas, chairman, 

@) Wells producing from trace to 3 percent 
water. 


Abstract 


A study was conducted which con- 
firmed that the principal corrosive 
agents in low water producing sweet oil 
wells are hydrolytic products of  in- 
organic salts. These salts may be de- 
posited on metal either in the form of 
a thin layer or as a consolidated scale. 
In addition to hydrolysis of the salts, 
electrochemical cells are set up between 
the metal and the various scale constit- 
uents and thus add to the corrosion. 

A mechanism is discussed for scale 
deposition. Inorganic salts are carried 
from the producing formations by water 
globulae and suspended paraffin. Where 
conditions are favorable, the carrying 
media separate from the crude and lay 
down as loose layer. The deposition 
continues until a consolidated, aggre- 
gate scale results. 

Physical appearance of the scale and 
changes in physical conditions were 
found to affect the corrosion rate. 

Conventional criteria were found to 
be of little value in detecting corrosion 
low producing sweet wells which 
scale was deposited. It was thought 
that corrosion could be detected in such 
cases through analyses of fluids for acid 
emulsions, inorganic salts and hydro- 
carbon mass. 8.4.3 


consolidated scale composed less 
soluble sulfates which enclose more cor- 
rosive and soluble chlorides. The hy- 
groscopic chlorides tend extract water 
from the crude and through hydrolysis 
the salts cause low and un- 
derneath the scale. 

addition hydrolysis the salts, 
electrochemical cells are set between 
the metal and the various scale constit- 
uents. These cells add the corrosion; 
however, their effect cannot distin- 
guished from the effect hydrolysis. 
Moreover, carbon dioxide and organic 
acids contribute slightly the corrosion 
rate. 


Hydrolysis reversal neutralization. 
Hydrolytic products are formed when 
salt composed acid and base, 
each different strength, combined 
with water. The resulting solution shows 
either acid alkaline properties. Most 
the inorganic salts which occur the 
low water producing sweet oil wells are 
composed strong acids and weaker 
bases; when they are combined with 
water they have tendency give off 
hydrogen ions. The hydrolytic constants 
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Figure 4 


which are derived from the disassocia- 
tion constants the bases and the ionic 
product the water show that 
values from 3-4 can obtained through 
hydrolysis the inorganic salts found 
the low water producing sweet oil 
well. The hydrolytic products such 
bases calcium, magnesium, and iron 
are less soluble the small amount 
water which produced these wells, 
than are the hydrolytic products, such 
chlorides and sulfates. Thus, these 
acids are set free and can cause 
mpy penetration metal. 

the crude, inorganic salts are en- 
closed water globulae and embedded 
paraffin. The minute water globulae 


(about 5-7 microns size) 
rounded oil film, Figure 
which paraffin particles (1-2 microns) 


Figure These paraffin 
particles are stabilizers and 
Most the water globulae contain in- 
organic nuclei, Figure which grow 
size where the water allowed evap- 
orate, Figure The value the 
water globulae ranges from 3-4. 

The paraffin mixture aliphatic 
and aromatic hydrocarbons, asphalts. 
resins and naphthenes) occurs the 
crude the form suspension, Figure 
The size particles ranges widely 
(1-100 microns). The composition 
paraffin varies from field 
the high melting paraffin that 
import int part in this type of corrosion. 
This paraffin, mixture itself, encloses 
appreciable amount inorganic salts 
and water. chemical analysis high 
melting paraffin from one field shows 
organic compounds 64.1 percent; 
ferrous and ferric com- 
pounds (i.e. oxides, chlorides) 18.2 per- 
cent; CaSO, 11.1 percent; iron 
water percent. The paraffin 
particles have tendency grow and 
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are attached, 


Figure 2 


Figure 5 


form dense dark hydrocarbon mass 
with large surface area, Figure The 
hydrocarbon mass magnetic and can 
extracted from the crude 
magnet. 

The part which carbon dioxide and 
organic acids play corrosion under- 
stood and will not specially discussed 
here. should noted that most cor- 
rosive wells this category are high 
pressure wells, and carbon dioxide con- 
tributes corrosion according 
partial pressure and temperature. 


Mechanism Scale Deposition 


appears complex. The inorganic 
salts are carried from the producing 


formations the water globulae and 
These salts already 
have undergone some hydrolysis causing 
low both carrying media. Where 
conditions are favorable, the carrying 
media separate from the crude and lay 
down loose layer. The deposition con- 


tinues until consolidated, aggregate 
The composition the 


scale and its corrosive properties depend 
the amount and physical properties 
the impurities the crude. crude 
amount chlorides, the scale com- 
posed mostly sulfate. scale 
consolidates easily and encloses the 
chlorides. The amount chlorides de- 
termines the initial corrosion rate. 
porous calcium sulfate scale without 
chlorides less corrosive from the be- 
ginning because has fairly high 
(about 6). However, the formation 
the first corrosion product, ferrous sul- 
fate, causes the drop. this case 
the corrosion product 
corrosion rate. the crude contains 
calcium sulfate and carbonate, the re- 
sulting scale consists these two salts. 
Such scale less corrosive because 


Figure 6 


interaction between the acid sulfate and 
basic carbonate. 

The degree corrosion depends also 
the physical appearance the scale. 
porous scale allows water globulae 
penetrate it. This water combination 
with salts causes corrosion through 
hydrolysis underneath the scale. Non- 
porous scale does not permit water 
pass through and therefore not 
corrosive. Exactly what the 
porosity scale not known. 

The consolidation scale may dis- 
turbed change physical condi- 
tions, such increased fluid velocity 
the string, increased water production, 
sand erosion, killing the well with water, 
etc. such disturbance occurs, the loose 
deposits are washed off the tubing, leav- 
ing the bare rough tubing surface re- 
exposed corrosive agents. Porous 
scale more affected change 
well conditions than non-porous scale. 
porous scale contains water soluble 
chlorides, they are likely extracted 
case increased water production. 
That should leave the less soluble and 
less corrosive sulfate 

The precipitation high melting par- 
affin occurs when its weight magne- 
tism overcomes its floating ability. The 
corrosion underneath the layer results 
because embedded inorganic salts and 
enclosed water. (Figure 
hydrocarbon mass coupon; Figure 
shows the pit which resulted). Since 
the paraffin layer does not consolidate, 
can removed more easily than con- 
solidated inorganic scale. 

Some wells produce only traces 
water and some percent. When 
only traces occur, the water forms uni- 
form emulsion. When more than traces 
are produced, the water occurs form 
emulsions and “free water.” This 
free water tends separate from crude 
“on standing.” The amount free 
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water produced well fluctuates. 
The effect this water corrosion 
unknown. 

Analyses crudes indicate that over 
inorganic salts can ex- 
from the corrosive crudes and 
about times less from non-corrosive 
was also noted that upon heat- 
the corrosive crudes 155-160 
oil film which surrounds water 

lobulae breaks, and most water 
eparates from the crude (see Figure 8). 

‘he cooled oil contains low melting 
and very few inorganic salts. 
amount these salts equals the 
obtained from pipe line oil 

non-corrosive power oil. Also the 
the hydrocarbon mass cor- 
crudes was found higher 
that non-corrosive The 
amount paraffin both crudes 
the same. 

low water producing sweet oil wells 
which scale was deposited, conven- 
tonal criteria detect corrosion are 
value for the following reasons: 


The iron retained the scale and 
cannot found produced fluids 


Caliper surveys indicate elevations and 
cavities the scale rather than pits 


Figure 7 


the pipe the scale consolidated. 
the scale loose, caliper surveys 
are usable. 


detect corrosion these cases, 
suggested that analyses the fluids 
made for acid emulsions, inorganic 
salts, and hydrocarbon mass. 
sults should obtained wellhead 
fluid, well bottom hole fluid, 
analyzed and the results compared. 
These results and the consideration 
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Figure 8 


the bicarbonate—carbonate equilibria 
well should give general picture 
the well conditions. 

combat this type corrosion very 
few practical measures are available 
the present. The organic inhibitors are 
little value because they seldom pene- 
trate the scale the tubing where pro- 
tection needed. appears that coat- 
ing, because its smooth surface, offers 
the least opportunity for inorganic salts 
settle and form scale. 
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Fuel Ash Attack Aluminum Coated Stainless 


Introduction 


RECENT YEARS problem 

attack the combination the 
gaseous products combustion and the 
ash residual fuel oils the com- 
ponents boilers and turbines has be- 
come one the most serious limiting 
factors the further development 
shipborne power plants. Established 
materials deteriorate rapidly 
peratures are increased for the purpose 
increasing efficiency. Presumably be- 
cause the complexity the situation, 
thoroughly satisfactory account 
the conditions which may occur 
boilers and turbines has yet been pub- 
lished. Most attention usually given 
the influence vanadium compounds 
which are present significant amounts 
most residual oils. However, has 
been that the effects 
dium may equally important. Reviews 
published work residual fuel oil 
ash attack, with adequate lists refer- 
ences, have appeared recently Corro- 

contribution the widespread 
search for materials offering promise 
superior behavior, investigation was 
carried out the Naval Research 
Laboratory hot dipped aluminum coat- 
ings applied Type 310 stainless steel. 
This the composition commonly used for 
and tube support plates. The un- 
doubted value aluminum coatings 
steels other applications® 
cation for the investigation. 
cently, the excellent promise 
tion aluminum catalytic reforming 
and desulfurizing service the petro- 
chemical industry has been reported 

Although the results this investi- 
gation are unquestionably 
considered desirable that they should 
available since there is, this time, 
explicit reference the literature 
the use aluminum coatings 
type application. Because the results 
are negative they are presented here 
abbreviated form rather than 
detail the Naval Research 
Laboratory 


Experimental Procedure 

Coatings were applied the labora- 
tory dipping specimens cut from 
single bar commercial Type 310 
stainless steel into bath 99.997 grade 
aluminum flux cover was 
used the bath ensure satisfactory 
coating the whole surface each 
specimen. After dipping, air-cooling and 
washing remove adhering flux, some 
specimens were heat-treated diffuse 
aluminum into the steel. Heat-treatment 
procedures will identified the dis- 
cussion results. After hours the 
testing temperature diffusion 
had occurred sufficient extent that 
the effect prior heat-treatment the 
coating structure could hardly dis- 


% Submitted for publication October 10, 1956. 
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SRAWLEY 


Abstract 


laboratory investigation the resist- 
ance hot-dip aluminum coated Type 
310 stainless steel to attack by residual 
oil ash constituents was carried out. 
The coated specimens did not exhibit 
better resistance than the uncoated steel, 
nor did prior heat-treatment 
coated specimens have an appreciable 
effect. The results boiler test were 
in agreement with the laboratory finding. 

4.2.3 


tinguished. this stage the average 
coating thickness was about 0.005 inch. 

Testing consisted heating speci- 
mens unsealed muffle furnace for 
periods days. attempt was 
made control the atmosphere which 
therefore consisted the ambient air 
atmospheric pressure. The specimens 
were contaminated with mixture 
equal parts sodium sulfate and vana- 
dium the quantity the 
contaminant being small relation 
the size the specimen. the least 
severe case single initial application 
one milligram per square centimeter 
specimen surface was made, while 
the severest case specimens were treated 
each day with four per 
square centimeter. Evaluation the ef- 
fect corrodent contamination was 
carried out microscopical examina- 
tion sections the specimens normal 
their surface. Specimens were usually 
cooled and weighed daily auxiliary 
means following the progress 
attack. 


Results 

Under the given experimental condi- 
tions the aluminum coatings did not re- 
duce delay attack the specimens 
any significant extent. Prior heat- 
treatment diffuse the coatings did not 
influence the result. Figures and 
summarize the results one illustrative 
experiment which coated specimens 
two types (the difference being 
the prior heat-treatment) were com- 
pared with uncoated specimens. One 
heat-treatment consisted heating 
1700 air, holding temperature for 


© This contaminant was standardized after 
preliminary experiments in which various 
corrodent mixtures were used. These were 
either mixtures of sodium sulfate and va- 
nadium pentoxide, or of these cormpounds 
with carbonaceous matter.’ 
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one hour and then This 
was simply nominal stabilizing treat- 
ment. The other heat-treatment was 
proprietary process aimed developing 
special type surface layer so- 
called preconditioning treatment). How- 
ever, will seen, was ineffective 
for the present purpose. 

Specimens were contaminated with 
two milligrams per square centimeter 


heated 1700 held temperature for 
hours, cooled and weighed. This 
cycle was repeated for four days, speci- 
mens being removed after each cycle 
for microexamination. After the four 


days, the remaining specimens were 
once more contaminated and then re- 
mained temperature for further four 
days. Thus these specimens were 
temperature for total eight days and 
were contaminated with total ten 
milligrams per square centimeter cor- 
rodent mixture. 


Figure shows diagramatically the 
changes taking place the surface 
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Figure 1—Sections of specimens before and after testing at 1700 F while contaminated with 50 percent 
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— MILLIMETRES 
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DISTANCE FROM ORIGINAL SURFACE 
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Figure 2—Advance of scale/metal interface of un- 

coated specimens and coating/parent-metal inter- 

face coated specimens. Specimens were contami- 

nated with percent percent 

ind exposed 1700 Local penetration coatings 
scale occurred within eight days. 


Uncoated 


Coated 


Figure 3—Appearance of composite plate after ex- 
posure in boiler. 


Figure through thickness un- 
coated (top) and coated (bottom) parts of plate. 


Figure 5—Structure of coating exposed several days 
at 1700 F but not severely attacked. Original 
magnification 500X; actual magnification after 
reduction for engraving purposes, 280X. Etched. 


the specimens determined from mi- 
croexamination and measurement. The 
important feature the comparison 
the coated and 
which had been exposed for eight days 
(there was substantial difference be- 
tween the two types 
mens). Although the penetration scale 
into the coated specimen was irregular 
compared with the uncoated one, had 
advanced beyond the coating/parent- 
metal interface several places. This 
interface turn had advanced well be- 
yond the corresponding position the 
scale interface the 
men, shown Figure Thus attack 
the uncoated specimens 
reached depth equal that the 
coatings the time the coatings had 
been effectively penetrated. Under such 
circumstances cannot said that the 
coatings had any protective value. 

Figure the results micro- 
scopic measurement all 
mens are plotted. The regularity the 
attack the uncoated 
shown the lower curves representing 
the range ten 
specimen. The upper curve represents 
the advance the coating/parent-metal 
interface for the coated specimens. The 
same curve represents both heat-treat- 
ments within the experimental error, 
shown the plotted points. not- 
able that the advance the scale the 
specimens was always behind 
the advance the coating-metal inter- 


face. After eight days, when the coating 
had been penetrated, the scale front 
the coated specimens the penetrated 
regions was ahead that the 
coated specimens. These penetrated re- 
gions spread rapidly with increased ex- 
posure. 

other experiments heat-treatment 
the coating for five hours 1900 
was found not improve the behavior, 
although the coating was much more 
effectively diffused this heat-treat- 
ment than those mentioned above. 
Coatings which were tested without any 
prior heat-treatment behaved well 
those that were heat-treated. This not 
surprising view the fact that test 
(and service) conditions involve long 
exposure temperatures where diffu- 
sion quite rapid that 
treatment may regarded the 
equivalent preliminary service ex- 
posure far diffusion concerned. 

check these results was provided 
test which corresponded closely 
one type service. This example was 
provided the Naval Boiler and 
Turbine Laboratory. One-half piece 
stainless steel sheet was dip-coated 
with aluminum and then joined the 
other uncoated half butt welding. 
The composite piece was then exposed 
boiler. Figure shows the appear- 
ance the composite piece after re- 
moval from the boiler while Figure 
shows macro-sections through the 
sheets. The sections were photographed 
oblique illumination that the metal 
appears dark and the corroded regions 
relatively bright. Quite clearly the 
coated material has deteriorated 
greater extent than the uncoated steel. 
Microexamination revealed only traces 
the original coating between the areas 
deepest attack. 


Microstructures 


The structure relatively undam- 
aged coating, such would obtained 
heating the dipped specimen air 
alone for several days 1700 sev- 
eral hours 1900 shown Figure 
Temperature and duration heating 
affect only the thickness the layers 
and not the other features the struc- 
ture provided that: (1) Structure has 
formed, and (2) Depletion aluminum 
oxidation the surface was not great 
enough have effect. There are three 
characteristic layers: (1) the outer, two- 
phase layer, (2) narrow intermediate 
single-phase layer and, (3) inner 
two-phase layer which has sharp 
boundary with the parent steel. Micro- 
hardness measurements indicate that the 
aluminum content beyond this boundary 
low, probably less than percent. 
Examination psuedo-binary alloys 
Type 310 composition with aluminum 
indicates the solubility aluminum 
the order percent less. 

The two phases the outer and the 
inner duplex layers are apparently the 
same, although almost certainly dif- 
ferent composition. aluminum de- 
pleted continued oxidation the 
surface the relative amounts the two 
phases the outer layer change and 
the intermediate single-phase layer di- 
minishes. the same time the inner, 
duplex layer advances into the steel. 

Figure lower magnification, 
shows penetration the coating one 
the 8-day specimens referred ear- 
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lier (Figures and 2). The residual 
coating appears the right-hand side 
the picture and close examination 
compared with coating heated air 
alone for the same period. 


Conclusion 


evident from these results, which 
are supported that, under the 
selected conditions testing, the 310 
stainless steel was not protected 
hot-dip aluminum coating. Prior heat- 
treatment the coatings had con- 
siderable effect. Confirmation that these 
results are indicative what may 
expected service provided the 
example boiler service test. Other 
burner tests and tentative results from 
shipboard service trials also are consist- 
ent with these findings. 

spite this excellent agreement, 
considered that the test methods 
used were and did not 
cover adequately the whole range 
variables possible service exposure. 
the present investigation such pro- 
cedure was justified expediency but 
there was the safeguard comparing 
the results with others obtained dif- 
ferent procedures. For thorough, ex- 
tensive investigation resistance 
materials fuel-ash attack, carefully 
designed burner test rig which speci- 
mens would exposed conditions 
closely simulating those prevailing 
service must regarded necessity. 
Furthermore, adequate program 


Figure 6—Penetration of coating in eight days at 1700 F (see text and Figures 1 and 2). Original magnificatio: 
100X; actual magnification after reduction for engraving purposes, 72X, Etched. 


correlate the results obtained such 
rig with results actual service trials 
would have undertaken before the 
former could accepted with confi- 
dence. 
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Cavity Formation Oxide* 


Introduction 


TEMPERATURES above approx- 
imately 600 iron capable 
rming three stable oxides: wiistite 
magnetite and hematite 
which has stoichio- 
etric deficit iron throughout its 
‘oad composition range and unstable 

low temperatures, ordinarily the 
ijor constituent the high-tempera- 
oxide scale. Detailed investigations 

the growth mechanisms the three 
and the transport characteris- 

their components have been car- 

out Davies, Simnad, and Birch- 
and Himmel, Mehl, and Birch- 
ars that practically all the material 
ransport responsible for the growth 
and probably magnetite 
ell, the self-diffusion iron the 

Some research activities the pres- 
authors have been directed toward 
improvement the accuracy de- 
termination the rate growth 
magnetite the lower oxide. the 
course this program, attempts were 
made grow suitable wiistite speci- 
mens from pure iron direct oxida- 
tion oxygen atmosphere. The oc- 
currence unexpected set phe- 
nomena this stage the experiment 
has led the study which the subject 
present paper. 

general, the aim this work 
qualitative investigation the oxidation 
iron pure oxygen temperatures 
between 700 and 1000 Under these 
conditions, all three oxide phases nor- 
mally are present. The progressive di- 
minution the iron core due the 
outward migration through the oxide 
lattice results stresses throughout the 
sample. Unless the oxide scale 
ficiently plastic follow the recession 
its iron foundation, these stresses 
must relieved internal fracture 
the oxide separation, least lo- 
cally, the scale from the iron. The 
oxidation following the lat- 
ter type separation the particular 
object the present study; some 
respects the resultant findings appear 
and Dunnington, Beck and 
under similar circumstances. Other as- 
pects the problem which have not 
reported hitherto are also gen- 
interest. 


Experimental Method 


Since the deep scaling iron high 
oxygen-rich atmosphere involves num- 
ber competing processes, two speci- 
inens subjected conditions closely 
identical practically feasible gen- 
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eral will not exhibit quantitatively iden- 
tical behavior. Furthermore, obvi- 
ous that cross-sectional examination 
sample some stage the oxida- 
tion process precludes the continuation 
the process the same sample. 
Hence the present experiment consists 
necessarily summary observa- 
tions made visually and micrographi- 
cally many individual specimens, 
conclusions being drawn for the most 
part from consistent 
larities. The sole quantity which has 
been measured function time 
during the oxidation itself the speci- 
men’s weight, changes which can 
correlated with physical characteristics 
the scale. 

The principal component the oxi- 
dation apparatus used the present 
work resembles that employed Davies, 
Simnad, and consists 
50-mm fused silica reaction cham- 
ber about inches length which 
closed its lower end. its other end 
standard taper joint four-foot length 
Pyrex cylinder. The latter capped 
with short Pyrex section into which 
introduced windlass arrangement, 
also means ground joint. ny- 
lon thread wound the windlass sup- 
ports sensitive spring low temper- 
ature coefficients expansion and elas- 
ticity. The sample oxidized 
suspended from this spring means 
platinum filament. 

The silica-end the assembly en- 
closed vertical Kanthal-wound tub- 
ular furnace. Interior and exterior radi- 
ation shields and water cooling jacket 
copper tubing are situated the top 
the furnace minimize temperature 
variations and convection currents within 
the oxidation chamber and spring en- 
closure. Measurements taken from 
thermocouple attached “dummy” 
sample showed that, the region within 
from the bottom the reaction 
chamber, the temperature varied less 
than two degrees thousand, 
both distance 

The springs used follow the change 
weight the specimens during oxida- 
tion were age-hardened one-inch helices 
10-mil Ni-Span-C wire. These were 
normally about turns, with sen- 
sitivity about but for 
heavier samples 25-turn springs were 
used successfully, despite the consequent 
halving the sensitivity. cathe- 
tometer measurements the spring 
length, weight changes could fol- 
lowed within about 0.05 percent 
the total load. Five-mil platinum wire 
was used suspend specimen from 
the spring, since lighter filaments showed 
tendency part under loaded condi- 
tions high temperatures. 

Vacuum and gas connections the 
reaction chamber were such that the 
chamber could evacuated, flushed 
with inert gas, loaded with the de- 
sired oxidizing reducing atmosphere 
whenever operations were required. 
the present work, only oxygen and 


Abstract 


made the deep oxidation 
of iron at high temperatures and in an 
oxygen atmosphere. Large cavities are 
always found in specimens whose total 
oxygen content has been brought to 
that of FeO. The scale thickness of 
such specimens, along with other evi- 
dence, implies that FeO is plastic in 
the temperature range in which it is 
stable, while one both the higher 
oxides relatively rigid. Evidence 
presented which indicates that iron is 
transported to its surrounding scale 
with little body diffusion path; 
the mechanism involved is not identi- 
fied. An expression, analogous to the 
parabolic rate law for scaling of plane 
specimens, is developed for application 
cylindrical geometry. 3.2.3 


argon were used, and these were sub- 
jected elementary purification pas- 
sage through towers Ascarite and 
Drierite. Three oxidation units were in- 
cluded the complete apparatus, that 
several samples could studied simul- 
taneously under different conditions. 
The iron samples studied were two 
types: flat specimens, inch inch 
inch, Westinghouse Puron; and 
round Armco Iron rod various diam- 
eters, inch inches long. Before 
use, these were ground, washed ace- 
tone, and cleaned for three hours wet 
hydrogen and three hours dry hydro- 
gen about 850 Subsequently, they 
were not permitted contact possible 
sources organic contamination. Each 
sample was weighed initially, attached 
spring suspension, and hung the 
cold zone reaction chamber. With 
the furnace the desired temperature, 
the chamber was evacuated and flushed 
several times with argon. The sample 
was then lowered into the uniform tem- 
perature zone the furnace 
mitted come temperature the 
argon atmosphere. During this period 
the initial load was determined meas- 
uring the spring extension. After some 
ten minutes had been allowed for tem- 
perature equilibration, the reaction 
chamber was evacuated and oxygen ad- 
mitted. Throughout the oxidation period, 
pressure was maintained one atmos- 
phere causing the oxygen flow 
slowly through butyl phthalate bub- 
bler. The weight gain the sample 
was monitored until the desired oxygen 
content had been achieved. this time 
the sample either was removed the 
cool upper portion the reaction ves- 
sel, was left the hot zone for 


homogenization, with the oxygen being 
replaced argon. During such homog- 
enization heat treatments, weight 
changes were detected the specimens 
studied. 

For photomicrographic observation, 
samples were mounted epoxy resin 
(Epon 828), ground abrasive paper, 
and fine-polished cloth wheel using 
magnesium oxide, alumina, chrome 
oxide abrasives. saturated solution 
stannous chloride ethyl alcohol 
percent solution picric acid 
ethanol was used for etching purposes. 
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Figure 1—Locally adherent scaling in a cylindrical 
sample oxidized to 27.2 percent oxygen by weight 
850 

(a) Oxide broken open, with lower section (center) 
of the residual filament removed. A 1/16 inch diam- 
eter (Do) Armco Iron hook, similar to that from 
which the sample was grown, is shown for comparison. 

(b) Photomicrograph of a cross-section of the 
same sample mounted without the central filament 
in Epon (E). The lightest material in the scale is 
hematite (H), the remainder principally magnetite 
(M). Stannous chloride etch. Original magnification, 
24X; actual magnification after reduction for engrav- 

ing purposes, 20X. 


Results 


The phenomena observed the pres- 
ent work can assigned arbitrarily 
three categories, combinations 
the three: 


(a) Incomplete separation the scale 
from its iron base, with oxidation 
proceeding the remaining regions 
adhesion. This locally adherent 
oxide has been treated length 
Dunnington, Beck and Fontana.‘ 


(b) Complete separation iron and 
scale, followed continuing iron 
and oxygen transport evidenced 
the progressive depletion the 
free iron supply. his early work 
high-temperature oxidation 
iron and steel, has described 
“loose core” scale which 
doubtedly this type. Although 
Pfeil’s evidence for this behavior 
was admittedly fragmentary, now 
appears well founded. the 
other hand, his generalization that 
the oxide grows three distinct 
laminae (related to, but not 
identified with, the three oxide 
phases) does not seem valid. 


(c) The peeling off thin layer 
adherent scale the iron separates 
from the oxide. This consists 
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Figure 2—Locally adherent scaling flat specimen 
oxidized to 23.9 percent oxygen by weight at 900 C. 
The original blank was Puron, thickness (to) 1/16.” 

(a) Sample mounted edgewise between blocks of 
iron and ground to reveal longitudinal cross-section. 

(b) Photomicrograph of the area outlined in (a). 
A layer of hematite (H) covers the exterior of the 
sample, being most noticeable on the uppermost 
edge; a small amount of wustite (W) is observable 
adhering to the upper side of the central residual 
iron strip (1). and designate magnetite and the 
Epon mount. Stannous chloride etch. Original mag- 

nification, 20X. 


layer near, and parallel to, the metal 
surface, leaving the iron ad- 
herent coating which joins elsewhere 
the main oxide body. 

What could considered fourth 
category the deep rupture the 
oxide, permitting gaseous oxygen 
enter the sample’s interior uninhibited. 
Considered itself, however, this 
irrelevant the present study and will 
not discussed. 


the photomicrographs shown 
subsequently, the various oxide phases 
generally can identified the shades 
grey brought out etching: these 
range light hematite (H), through 
intermediate magnetite (M), dark 
wustite (W). The mounting resin (E) 
ordinarily darkest all and can 
recognized its mottled appearance. 
Free iron seen the lightest 
portions the photographs. Proeutec- 
toid magnetite visible some areas 
where was precipitated from oxygen- 
rich during cooling. The oxygen 
contents weight percent for the three 
oxides are: 23.5 24.4; mag- 
netite, 27.7; and hematite, 30.1. 


Locally Adherent Oxide 


Cylindrical Sample. Figure shows 
example the locally adherent scale 
cylindrical sample. Two stages the 
oxidation process are immediately evi- 
dent. First, the iron separated from the 
oxide over all but small segment 
its circumference and local oxidation 
progressed. Secondly, free oxygen was 
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admitted the resultant inner void, 
probably way radial fissure, and 
oxidation proceeded rapidly within the 
sample. This verified the light 
hematite border surrounding the cres- 
cent-shaped void the photomicrograph 
Figure Except for the outer layer 
hematite, the remainder the oxide 
almost completely the magnetite 
phase, the sample having been oxidized 
27.2 percent oxygen weight. 

The process which the remaining 
free iron was depleted not readily 
apparent. probable that second 
separation took place, with local adhe- 
sion accounting for the further oxida- 
tion. This need not have been the only 
mechanism operation; shown 
the macrophotograph Figure only 
fine residual oxidized filament remained 
the original iron core. This filament 
was separate from the body the scale; 
some light connection might have been 
broken opening the sample for inspec- 
tion, but had such connection existed, 
must have been too tenuous sup- 
port considerable material transport. The 
filament was removed before the sample 
was mounted for photomicrography. 


Flat Specimen, Another sample the 
adherent oxide the flat specimen 
Figure which was oxidized 23.9 
percent oxygen weight. The separa- 
tion oxide and iron was complete 
along one face the sample, with oxida- 
tion proceeding along the other. The 
separated scale contains thick layers 
higher oxides, while the adherent oxide 
almost entirely adjoining 
thin slab iron which bears fragments 
adherent its free side. 
noted that the internal void 
considerably narrower than the original 
sample thickness. The uniformity the 
oxygen concentration gradient 
shown the magnetite 
precipitation, sufficient evidence that 
the many cracks the thick side 
the scale occurred cooling, section- 
ing, mounting, and not the oxida- 
tion process. 


Oxygen Content Versus Time. Figures 
through show examples cylindri- 
cal specimens for which detailed data 
were taken for oxygen content versus 
time 950 Under the simplifying 
assumptions that the scale pure wustite 
coated with negligibly thin layer 
the higher oxides, that the scale suffi- 
ciently plastic follow the recession 
the iron substrate, and that porosity and 
end effects can neglected, pos- 
sible plot weight change function 
time for cylindrical samples uni- 
versal graph. The mass change AM, 
when normalized unit initial radius 
and surface area Ao, monotoni- 
cally increasing function the quantity 
where the time and 
the parabolic rate constant determined 
experimentally for plane specimens. The 
derivation this relationship given 
the appendix. The scale separation which 
has been shown occur renders im- 
probable the realization 
mental plot which will follow the theo- 
retical prediction for any considerable 
length time. However, the plotting 
versus retains its 
usefulness means comparison 
between cylindrical specimens differ- 
ent diameters, oxidized different tem- 
peratures. The values the parabolic 
rate constant employed here were inter- 
polated from the data given Davies, 
Simnad, and present results 
are agreement with these data, 
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f gure 3—Cross-section of a cylindrical Armco Iron 
s.ecimen oxidized to 24.2 percent oxygen by weight 
c: 950 C; the original diameter Do was Yg inch. The 
\\,ht material on the periphery and bordering the 
voids is hematite (H). The central core is free iron 

with adherent wustite (W) scale on the right 
oid magnetite (M) on the left. The remainder of 
tre scale is magnetite. Picral etch. Original mag- 

nification, 12X. 


Figure 5—Cross-section cylindrical Armco 
specimen oxidized 23.9 percent oxygen weight 
at 950 C; the original diameter Do was 5/32 inch. 
light outer border is hematite. The wustite-magnetite 
magnetite boundary lies just within the porosity 
ring, and the central light region free iron 
Picral etch. Original magnification, 12X. 


shown the approach the slopes 
experimental curves those the 
theoretical lines near zero time Fig- 
ures and 10. 


Tests Diameter Sample. 
The experimental points shown Fig- 
ure are for diameter sample. 
‘they fall away from the theoretical ex- 
pectation given the dashed curve 
almost immediately after the beginning 
oxidation, revealing the formation 
porosity detachment the scale. 
The acceleration the oxidation rate 
beginning abscissal value near 0.4 
through gaseous oxygen the sam- 
ple’s interior healing the 
porosity separation. The subsequent 
deceleration period can attributed 
further porosity formation detach- 
ment, and the final rapid increase 


CAVITY FORMATION OXIDE 


SCALE FORMATION 


=i< 


Figure 4—Progress of the oxidation of the sample in Figure 3. The change in mass AM, normalized to unit 
initial radius Ro and surface area Ao is plotted against (Kp/Ro) t', 


1.0 1.5 2.0 


parabolic rate constant and t the time. The broken line represents the theoretical behavior for an ideally 
plastic, adherent, and non-porous scale on a cylinder of infinite length, The ordinate on the right gives the 
thickness d of such an ideal scale. 


SCALE FORMATION 


Ro =0.20 cm 


23.9 OXYGEN 


Figure 6—Progress the oxidation the sample Figure 


mass almost certainly due 
oxygen leak. 

Specific connection these develop- 
ments with the features the photo- 
micrograph Figure not obvious 
first, since the outward-growing na- 
ture the scale makes difficult 
determine the chronological order 
which the visible characteristics were 
formed. However, the increase mass 
sponds roughly the oxygen content 
the scale immediately surrounding the 
residual iron core. Furthermore, the 
outermost, semi-circular, void bordered 
with hematite, and thin hematite ring 
visible, partially completing the circle 
which the void arc. 

These facts imply that the outer void 
was formed first the case the 
specimen Figure thus accounting 
for the initial deceleration the oxida- 


tion; subsequent oxygen leak continued 
the oxidation and probably the same 
time healed the porosity the position 
the partial hematite ring previously 
mentioned—hence the early acceleration 
period. Thereafter second detachment 
occurred, with little contact left 
between iron and scale, since there was 
not sufficient iron transport prevent 
the complete conversion the 
outer shell magnetite; this process 
was evidently going during the long 
second deceleration period represented 
the plot Figure Finally, the 
whole process seems have been re- 
peated the remaining iron core when 
second oxygen leak promoted the last 


Tests Diameter Sample. 
The sample described Figures and 
was originally inch diameter. 


where Kp is the known value of the 
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Figure 7—Cross-section of a cylindrical Armco Iron 
specimen oxidized to 21.9 percent oxygen by weight 
at 950 C; the original diameter Do was % inch, The 
light outer border is hematite. The wustite-magnetite 
boundory lies just within the porosity ring. Visible 
in the wustite field is some magnetite, precipitated 
during the slow cool. The light central region free 
iron. Picral etch. Original magnification, 12X. 


Here there are indications early 
scale separation. The first deceleration 
period doubtless due the formation 
the outer porosity ring, followed 
the iron from its scale envelope. The 
slow acceleration near 1.1 
not attributable oxygen leak 
the interior, since the surround- 
ing the central void solid 
free, and has traces higher oxides 
its inner border uniform distribu- 
tion precipitated magnetite visible 
throughout the area higher 
magnifications); more likely 
sponds partial healing the outer 
porosity ring. 

the “rind” surrounding the rem- 
nant iron. Judging from other evidence, 
will shown Figure 11b, this 
sheath probably continuous 
axial direction. has one connection 
with the body the scale; mul- 
tiple connections have not been observed 
this any similar specimen. The 
suggests that the 
iron-to-oxide bond was sufficiently strong 
that thin layer wiistite was peeled 
off when the iron was forced internal 
stresses separate from the scale. 
final observation made connec- 
tion with Figure that large amount 
iron appears have been transported 
the oxide without appreciable dif- 
fusion path. 

similar situation seen Figures 
and with sample originally 
inch The outer porosity ring 
more extreme here, amounting 
complete separation around one side 
the sample; this seems character- 
istic smaller specimens. 
dence large concentrations mag- 
unintentionally slow cooling. 


Completely Separated Scale 

The oxidation iron cyl- 
inder described Figures and 10. 
30th photomicrograph and mass versus 
time plot disclose behavior nearly 
identical with that shown Figures 
and the final step. Here, after 
the iron residue has been oxidized 


42t 


NATIONAL ASSOCIATION CORROSION 


SCALE FORMATION 


Ro =0.16 cm 


1.0 


ENGINEERS 


OXYGEN 


e 


Figure 8—Progress of the oxidation of the sample in Figure 7. The rectangle at the upper end of the 
dotted data line indicatcs the uncertainty in the final measurement, 


some extent local adhesion, has 
broken away completely for the last 
time, but has continued transported 
the oxide. That this borne 
out the fact that while the topography 
the iron core appears fit that 
the adjacent there per- 
cent dimensional difference which can- 
not explained any reasonable de- 
gree contraction cooling. final 
observation can made with regard 
Figure unlike the samples shown 
Figures and the inner diameter 
the outer oxide shell percent 
smaller than the original diameter the 
iron blank. 

Further examples the completely 
separated, type oxide are 
shown Figures and 12. The speci- 
16.2 percent oxygen content. Re- 
moval the one end revealed cyl- 
indrical oxide shell wall 
thickness and internal diameter slightly 
smaller than the original diameter 
the iron blank inch), duplicate 
which shown for comparison. The 
internal geometry the shell was found 
identical with the external fea- 
tures the original iron, even small 
solid cylinder oxide the position 
formerly occupied the suspension 
hole the iron blank. Within the shell 
was the lightly oxidized iron residue, 
completely detached and still cylindrical 
form, but bearing its surface 
slight ridge oxide running parallel 
its axis. This was probably the last line 
the oxide-iron contact. The ridge 
barely visible the photograph. 

Another uniform detached scale 
shown Figure 11b. this case, the 
original iron diameter was inch and 
the oxidation was carried out 850 
25.5 percent oxygen content, fol- 
lowed homogenization treatment 
argon the same temperature for 
time approximately equal that oc- 
cupied the oxidation process (33 
hours). The grainy surface appearance 
the oxide consequence the 
homogenization. Again the uniform cyl- 
inder wall has resulted and the fine 
residual central filament lightly oxi- 
dized iron encased fragile sheath 
irregular cross-section, reminiscent 
the thin oxide shells described con- 
nection with Figures and Central 
filament, sheath, and outer shell are 
mutually separate. 


behavior some interest typified 
the samples shown Figure 12. 
Together with comparison iron blank 
are two flat specimens with their longer 
edges ground away reveal their in- 
teriors. Both are 24.7 percent oxygen 
weight, one having been oxidized 
800 and homogenized for hours 
argon the same temperature, the other 
oxidized with the temperature varying 
between 700 and 925 and homogenized 
for hours, also 800 Aside from 
slight irregularity one end the 
latter specimen, the geometrical 
larity between the iron blank and the 
internal cavities these specimens 
remarkable. Oxide tubes replace the 
holes drilled for suspension purposes; 
corners remain sharp and wall surfaces 
very nearly flat (the broad surfaces per- 
pendicular the plane the photo- 
graph are bowed slightly inward, the 
transverse widths the cavities being 
percent less the centers than 
the ends). Moreover, the walls are 
similar thickness either side the 
cavity, which would seem eliminate 
the possibility that the scale grew 
adhesion the iron one side the 
other. should added that there was 
perceptible loss internal material 
during the grinding process. 


Inert Marker Studies 


Some information regarding the trans- 
port iron the detached scale can 
obtained from the study the move- 
ment inert markers. Examples such 
study are shown Figures and 14. 
the partially oxidized flat specimen 
Figure 13, scale separation was initi- 
ated the upper right and lower left 
corners, that detached and adherent 
oxides appear neighboring regions 
the same side the sample. Four trans- 
verse stripes chromic oxide were 
painted each face the iron blank 
before oxidation was begun. Since these 
should remain fixed the oxide lattice, 
and diffusion iron the principal 
transport mechanism involved, one ex- 
pects find these markers close the 
oxide-iron interface any stage the 
scale growth. This seen the case 
the photomicrograph the adherent 
portion the scale (Figure 13b), where 
the inert marker appears the interface. 

the detached scale, the other 
hand, the markers are separated from 
the void between the iron and the oxide 
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Figure 9—Cross-section of a cylindrical Armco Iron 
oxidized 23.9 percent oxygen weight 
at °50 C; the original diameter Do was 3/16 inch. 
borders the outer surface, the porous region 
the left, and the inner surface the larger 
shell. The remainder this shell magnetite, 
exc for reversed wustite region 
the right. The smaller interior shell principally 
wustite, surrounding a separated free iron core. 
Picral etch. Original magnification, 12X. 


considerable thickness wustite 
shown Figures 13c and 13d. The 
markers are generally easy 
locate, and are always within the de- 
ached portion the scale. Markers 
the adherent region are seldom found, 
probably because their position the 
interface permits them disintegrate 
when the sample cooled and cracking 
occurs. Oxygen comprises 13.8 percent 
the total weight the sample 
Figure 13, which was oxidized 900 


shown Figure 14. this case, oxida- 
tion was carried out flat Puron 
blank 900 over-all wustite 
(24.0 percent oxygen) composition, and 
the sample was homogenized the 
same temperature for hours. The 
cross-sectional plane pictured Figure 
discloses cavity much smaller 
transverse dimension than those Fig- 
ures and 12. Two markers were lo- 
cated the oxide area lowermost 
14a. Both were imbedded within 
the shown Figure 14b. 
four markers painted the upper side 
(relative the photograph), only one 
was found, but not positively identified. 
lay close the edge the central 
cavity, shown Figure 14c. 


Discussion 
Plastic Properties the Iron Oxides 


The formation large voids within 
the high temperature scales grown 
iron high oxygen pressures appears 
inevitable the scale remains 
sound. the case where oxidation pro- 
ceeds means local adhesion be- 
iron and scale, the voids can 
comparable volume the original 
sample. The explanation lies the 
sponsible for the oxide growth; this 
has been recognized Dun- 
Beck, and Implicit 
the phenomenon, however, are the 
lastic properties the scale elevated 
emperature. The scale 
lastic follow the recession the free 
‘on surface until considerable oxide 
vall thickness has been built up. The 
lasticity, however, not great enough 
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Figure 10—Progress of the oxidation of the sample in Figure 9. 


relieve the stresses which eventually 
cause scale separation. 

Specimens have been grown, 
solid and uniform throughout save for 
minute V-shaped voids near their cen- 
However, these were formed 
proportions which provided 
pressure oxygen equilibrium with 
tions, higher oxides could formed. 
probable, therefore, that while 
sufficiently plastic follow 
the inward movement the oxide-iron 
interface, held back the coating 
one both the higher oxides 
which form high oxygen pressures. 
Further, one can assign coincidence 
between the occurrence scale separa- 
tion and the time which the thickness 
higher oxides, coupled with the sur- 
face geometry, sufficient inhibit the 
flow. 

The relative rigidity the higher 
oxides with respect also may 
have some bearing the formation 
orderly porosity the magnetite re- 
gions the scale. Such porosity rarely 
occurs along the plane sides flat 
specimen, where great additional 
strain imposed the superposed 
oxide result the inward motion 
the interface. But ring 
porosity always found the cor- 
ners flat scale and 
samples circular cross-section, 
degree which lessens the surface 
curvature decreases and approaches that 
plane. Note this connection that 
samples larger diameter (for ex- 
ample, those Figures and 10) oxida- 
tion follows the theoretical expectation 
for comparatively longer times. 
indrical samples, the porosity annular, 
and situated close the magnetite- 
boundary. rigorous analysis 
this situation has not been undertaken, 
but may possible relate the 
porosity formation the radius 
curvature that boundary. 


“ The formation of sound wiistite under these 
conditions has been confirmed by J. D. 
Mackenzie in the Forrestal Research Center 
laboratories of Princeton University. The 
results of this study were published on pages 
783t-785t of the December, 1957 issue of 
Corrosion. 


(b) 


Figure 11—Uniform, completely detached scale 
cylindrical Armco Iron specimens, with duplicates of 
the original blanks shown for comparison. 

(a) One-eighth inch sample oxidized to 16.2 per- 
cent oxygen by weight at 930 C. The lower end 
(lower center) has foe cracked off to show its 
interior, and the core (upper center) withdrawn 
from the shell (right). 

(b) One-sixteenth inch sample oxidized to 25.5 
percent oxygen by weight at 850 C. The sample has 
been broken open and the lower section (lower center) 
of the oxide “sheath” covering the residual filament 
(lower right) has been removed. The grainy appear- 
ance of the oxide surface results from a 33-hour 
homogenization treatment in argon at 930 C. 


Several other results emerge from the 
consideration plastic within 
rigid magnetite “cage.” Oxide-iron sep- 
aration will occur early oxidation 
the corners rectangular specimen 
where stresses become extreme; this 
will leave the geometry such corners 
the final oxide cavity very nearly the 
same existed the original iron 
blank. the plane surfaces, mean- 
while, the oxide wiil follow the recession 
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vacuum. The samples were studied bridge connection, the 
the temperature range the present strong local oxidation would result 
investigation. These studies indicated scale thickness, which 


— 


Figure 12—Uniform oxides grown from flat Puron 
blanks. A duplicate of the original blanks, 1/16 
inch thick and 1 inch long, is shown edge-on (center). 
A longer edge of each of the samples has been 
ground away to reveal the interior cavities; both 
samples are 24.7 percent oxygen by we.ght. That 
on the right was oxidized, then homogenized in 
argon for 70 hours, both at 800 C; the sample on 
the left was oxidized at temperatures varying be- 
tween 700 and 925 and homogenized for 
hours at 800 C. The solid cylinders of oxide near 
the tops of the samples’ interior cavit.es occupy the 
previous positions of holes drilled in the blanks for 
suspension purposes. 


the iron until 
stresses originating the rigid mag- 
netite-lined corners cause the corner 
separation propagate along the plane 
surfaces. Cavity surfaces, therefore, 
should bowed inward some extent. 
Both these characteristics are found 
all flat specimens which separation 
(Figures 12, and 14). Moreover, 
samples which have been homogenized 
high temperature Figure 14) 
the tendency the scale’s internal void 
collapse can attributed plastic 
flow, which also may partly respon- 
sible for the small size the void 
shown Figure would not seem 
fair, however, apply the 
ing the behavior shown Figure 
where the void somewhat narrower 
than the original iron 

Finally, the plasticity hypothesis helps 
supplying tentative explanation 
the wiistite sheath re- 
sidual iron core, shown Figures 
and 11. previously suggested 
the discussion those specimens, sep- 
aration could take place within the 
layer, given strong adherence 
between and iron. Under this 
condition the wiistite would need 
rather highly plastic submit the 
subsequent deformation without experi- 
encing disruptive stresses. There 
evident reason for the sep- 
aration anything but complicated, 
hence the observation that the oxide 
sheaths shown Figures and have 
single connections with the body the 
scale need not general. 


Transport Mechanisms 
Separated Scales 

has described experiments 
which observed material transport 
between oxides and iron, and between 
oxides different oxygen contents, out 


net current oxygen toward the more 
iron-rich sample, apparently due the 
higher vapor pressures oxygen 
the higher oxides. 


the present work, explanation 
sought for the reverse process which 
takes place the continued growth 
completely separated scale. The evidence 
net iron from the separated 
iron core. even though the latter mav 
partially oxidized. Four remote possi- 
bilities for such transport suggest 
themselves: (1) Iron evaporation, (2) 
Volume diffusion through small localized 
connections remaining after the other- 
wise complete scale separation, (3) Dif- 
fusion iron over the inner oxide sur- 
face, originating the points physical 
contact between iron and scale, and (4) 
Oxide vapor exchange. 


The first these processes can 
ruled out almost immediately the 
basis the time involved. For the 
samples shown Figure 12, with the 
liberal assumption that half the iron 
mass had been dissipated before sep- 
the order thousands hours 
would have been required evaporate 
the remainder. 
check has been made the known 
value the evaporation rate iron’ 
the following method. Svea metal 
(Swedish iron) wire, 0.0145 inch di- 
ameter, was cleaned, hydrogen-fired, and 
mounted Pyrex tube which was 
evacuated below Hg. The 
wire was heated temperature be- 
tween 900 and 1000 the passage 
direct current. The temperature was 
held constant maintaining con- 
stant value the product the heating 
current the cube the voltage drop 
between two potential leads attached 
the wire, few centimeters apart. The 
change wire radius due evaporation 
was then followed measurements 
the resistance between the two potential 
leads, and converted evaporation rate. 
The latter was found approxi- 
the expected order magnitude. 

Tron transferred continuously the 
scale through areas local adhesion. 
Such transfer continues after the oxygen 
atmosphere has been removed, 
nessed the homogenized specimens 
which residual iron was found 
completely absent. However, does not 
seem that such process would result 
oxide shell uniform wall thick- 
ness. The sample shown 
for example, contains nearly twice 
much oxygen one its sides 
the other. Unless the oxygen itself can 
migrate, the walls would unequal 
thicknesses after homogenization treat- 
ment. 

Small bridges may exist between scale 
and separated iron, shown Figures 
and but their cross-section and ex- 
treme length would render negligible the 
material diffused through within 
the total time oxidation. 
able that the surface diffusion hypothesis 
must ruled out also. Granting even 
that iron can migrate swiftly over 
oxide surface (the rate unknown), the 
contact between iron and 
sary initiate large-scale migration 
this type would need exten- 
sive that would amount adhesion. 


not been observed. 

Aside from the objections mentione 
all three the foregoing 
share common failing that they 
not explain the positions inert 
ers detached scale. Free iron 
inner oxide surface, regardless 
manner its deposition, should diffuse 
outward past the markers. The 
the latter buried within the scale 
indicates that oxide, gaseous 
was deposited over them. The effect 
the presence gaseous oxygen has 
shown the case cylindrical 
new oxide rapidly forms 
the free iron surface. This not 
served, for example, the sample 
Figure 13. 

has been reported that 
iron heated vacuum the neighbor- 
hood oxygen-rich wiistite will acquire 
wiistite scale, with net loss 
The vacuum conditions for Pfeil’s 
vestigation were not precisely described, 
but could not have been favorably 
parable with those existing void 
within sound oxide. Aside from this 
difficulty, Pfeil’s results could 
terpreted the basis either the 
evaporation oxygen from the oxide, 
higher oxide for lower, balanced with 
respect iron. the latter regard, 
there perhaps some small possibility 
that one the iron oxides molecular 
complex form sufficiently volatile 
that the addition oxygen higher 
oxide molecular amounts clean 
iron surface will result net release 
iron from the free surface. Such 
reaction highly dubious, and while 
would account for the buried markers 
the present study, the large sizes 
the voids many the samples would 
remain unexplained. 

The question the reaction-sustaining 
material transport has been brought 
recently Pfeiffer and Al- 
though they interpret their results dif- 
ferently, the two examples they show 
oxidized iron wire bear strong resem- 
blance some the specimens illus- 
trated the present work: one 
form, completely detached scale, and the 
other locally adherent oxide. While 
the latter sample was oxidized near 600 
close the borderline for wiistite 
formation, present evidence would indi- 
cate that physically similar scale growth 
can occur higher temperatures, and 
hence, that the difference appearance 
the two specimens shown Pfeiffer 
and fortuitous rather than 
temperature-determined they suggest. 
The same authors state that they could 
not observe the expected decrease 
growth rate due porosity formation 
(or scale separation). can seen 
the mass versus time data shown here, 
such deceleration can difficult 
distinguish from normal growth 
cylindrical sample unless extremely de- 
tailed data are taken. 


Summary 

Attributing plasticity FeO high 
temperatures accounts for the majority 
the features encountered the deep 
scaling iron oxygen atmosphere. 
However, the consumption the rem- 
nant iron loose-core specimens lacks 
interpretation. The following 
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January, 1958 
the 
the tions would helpful settling both 
ult matters: 
has (a) Determination the plastic prop- 
erties the oxides iron high 
temperatures. line with such 
determination, would worth- 
while obtain mass versus time 
data for the oxidation long cyl- 
tie for oxygen-rich Under these 
conditions, and provided that the 
oxide indeed plastic, the reaction 
scale would approach the ideal conditions 
for which the theoretical expression 
given the appendix applies, and 
the complications introduced edge 
effects rectangular specimens 
Measurement the surface diffusion 
rate iron oxide surface, and 
further experiments the type em- 
between oxides. Such measurements 
would facilitated radioactive 
tracer techniques. 
Accumulation data inert marker 
movement flat specimens oxidized 
this case, the flat geometry preferable 
the less ambiguity the interpretation 
oxide, 
goes without saying that 
information gained tracer studies, 
with such methods field emission 
ibility the chemistry oxygen 
clean iron surface would in- 
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than Problem Cylindrical Geometry 
The assumptions necessary the 
could formulation scale-growth cylindri- 
cal samples iron are essentially the 
those required for the plane 
problem, but this case they are more 


sumed that the oxide remains contact 


with negligibly thin layer the 
de- higher oxides maintaining the oxygen- 
rich composition constant 
level, and that porosity and end effects 
can neglected. 
The following quantities will de- 
high 
the average diffusion coefficient 
deep 
and are the iron concentration 
rem- and radius (cm) the 
lacks interface, 
stiga- and are the like quantities the 


interface, and 


IRON OXIDE 
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Figure 13—Partially detached scale flat Puron 
specimen. Originally 1/16 inch thick (to) and 1 inch 
long, the blank was oxidized to 13.8 percent oxygen 
by weight at 900 C. 

(a) Sample mounted edgewise in resin between 
iron blocks and ground to reveal a longitudinal 
cross-section. The scale has become detached at 
lower left and upper right. Outlined areas are shown 
as photomicrographs in (b), (c), and (d) with the 
same orientations relative to the full photograph. 

(b) Inert marker (X) at iron-wustite interface in 
adherent region of the scale. 

(c) Inert marker with wustite overlay at separated 
region of the scale. The fine structure just below 
the sharply defined magnetite-wustite boundary here 
and in picture (b) is precipitated magnetite. Same 
magnification as in (b). 

(d) Inert marker with wustite overlay at the sep- 
arated region of the scale on the side of the sample 
opposite to (b). Stannous chloride etch. Enlarged 
from a low-magnification photograph to a mag- 
nification of about 63X, corresponding to that of 
(b) and (c). 


and are the density iron and 
the original radius the sample. 

steady state, the iron concentration 
c(r) within the wiistite layer has 
explicit time dependence, that 


whence 


The integration constants and 
can evaluated from the boundary 
conditions and giving 


Inr 


(1) 


and 


Ci—— Cs 


Figure 14—Flat Puron specimen, oxidized to 24.0 
percent oxygen by weight and homogenized in argon 
for 62 hours, at 900 C; the original thickness (to) 
and length were 1/16 inch and 1 inch. 

(a) Sample mounted edgewise in resin between 
iron blocks and ground to reveal a longitudinal 
cross-section. Outlined areas are shown in photomi- 
crographs (b) and (c) with the same orientations 
relative to the full photcgraoh. 

(b) Inert marker (X) at iron-wustite interface in 
outside of the scale is toward the bottom of the 
picture. 

(c) Possible position inert marker near the inte- 
rior surface of the scale, with slight wustite overlay. 

No free iron is present, and except for small 
magnetite deposits near the corners (not visible in 
this figure), the scale is entirely wustite (W). 
Stannous chloride etch. Original magnification, 45X. 


The condition conservation iron 


provides the relation 


can evaluated with the aid 
Co Re (co— Ri + C2 
— C2) (R? — R.’) 
(3) 


This can simplified letting 
which puts (3) into the form 


(c2 C1) (Y— 1)/In 


Now the function varies 
monotonically from with values 
between these limits; since 
less than 0.03 the case 
the value will not 
altered more than percent the 
function replaced itself. Doing 
so, one gets 


or 


Since and are now interdepend- 
ent, one needs only find 
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dependence one them. so, 


the diffusion equation may applied 
the mass flow the iron 


27 R, (co — C1) d Ry 


D (c1— C2) 


where the length the sample. 
Introducing the values and 
given above into this relation one finds 
that 


dt. 


This can integrated over from 


Re 


one now takes the square root (5) 
and introduces the parabolic rate 
constant conventional plane geometric 
considerations, one can write the form 


% 


(6) 


where the constant yet deter- 
mined. 


now necessary express the mass 


the average oxygen concentration 
this simply 

Using the definitions and and 
their inter-relation given (4), this 

AM/(RoAo) =a a)/(1 A), 
(7) 

where the initial surface area 
end effects being neglected. 


For very short times, and the 
parabolic rate law followed since the 
thin cylindrical scale approximates 
plane lamina. 


Therefore, 


Replacing this (6), 


ENGINEERS 


Then and are 
related through the variable 
ing (7) and (8), long the con- 
centration limits are fixed some valucs 
and until the free iron 
entirely depleted). Using average 
centration values extracted from 
data Himmel, Mehl, and 
namely, 


7.86 


4.30 
and 
1.33 


one can write (7) and (8) 
fashion follows: 


(10a) 


[(Kp/Ro) max — 1.468 gm-cm™ 
(10b) 


the layer, incidentally, 
given 


the maximum being 
[d/Ro] max — 1.82. 


Plots (9a) versus (10a) are shown 
dashed lines Figures and 10. 


Any discussions this article not published above 


will appear the June, 1958 issue 


plicat 
the 
ferent 
marke 
are U 
the 
produ 
ture. 
richec 
well 
fused 
(nom 
perce! 
deseri 

sodiu 
was 
538 
sume 


chron 


well 


tions 
trolle 
scribe 
condt 
blank 
droge 
were 
nique 
been 
stress 

Th 
comn 
tests 
whicl 
had 
perce 
‘ent 
perce 


*& Sub 
Part 
tem 
appr 

* Metz 
Lab 


q 
4 
4 
+alna, (5) 
very 


Vn as 


10. 


Corrosion and Metal Transport 
Fused Sodium 


Part 3—Formation Composite Scales Inconel 


PEDRO SMITH,* MARK STEIDLITZ* and EUGENE HOFFMAN* 


Introduction 


alloys high temperatures com- 
plicated diffusional processes within 
metal. This especially true dif- 
alloy components which have 
markedly different chemical reactivities 
used. One these complexities 
the formation two-phase corrosion 
layers which consist mix- 
ture reaction product and metal en- 
constituents. This type corrosion 
well illustrated the reaction between 
fused sodium hydroxide Inconel 
(nominal composition: percent Ni, 
percent Cr, and percent Fe), which 
described this paper. 

cursory study the action 
sodium hydroxide alloys, Craighead, 
Smith, and found that Inconel 
was only slightly attacked hours 
538 but that 815 sheet un- 
specified thickness was completely con- 


the primary constituents In- 
conel, elemental nickel known 
very corrosion resistant fused sodium 
hydroxide 815 whereas iron and 
chromium react rapidly temperatures 


well below 815 


General Procedure 

Most the hydroxide-Inconel reac- 
tions were carried out the “con- 
trolled-atmosphere test” procedure de- 
scribed previous paper.’ Tests were 
conducted temperatures 450 800 
for times 400 hours under 
blanketing atmospheres purified hy- 
drogen and purified helium. few tests 
were made the “capsule test” tech- 
nique 815 specimens which had 
been stressed cold rolling. These 
stressed specimens were not annealed 
they were tested. 


The metal used for most tests was 
commercial Inconel, but representative 
tests were conducted with alloy 
which had been and cast 
irom the elemental metals and which 
had analyzed composition 78.2 
percent Ni, 14.17 percent Cr, 7.30 per- 
Fe, 0.14 percent Si, 0.10 percent 
Cu, 0.10 percent Mn, 0.02 percent Al, 
percent Mg, 0.008 percent 0.003 
percent and less than 0.0003 percent 


*& Submitted for publication June 26, 1957. 
Part 1 of this series appeared in the Sep- 
tember, 1957 Corrosion, page 561t; Part 2 
appeared in the October, 1957 issue, page 
627t. 

* Metallurgy Division, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee, 


Ti. This alloy, although purer than 
commercial Inconel, did not appear 
differ from the commercial material 
its corrosion behavior. 

Determinations were made micro- 
structures, rates corrosion, and chem- 
ical constitution corrosion products 
described below. Metallographic 
specimens were prepared standard 
procedures except that special effort 
had made minimize exposure 
polished specimens moist air, since 
the corrosion products were hygro- 
scopic. this paper all photomicro- 
graphs show sections perpendicular 
the specimen-hydroxide interface the 
as-polished condition. The surface which 
was exposed attack toward the 
top each picture. 


Microstructures 

For the range experimental con- 
ditions studied this research the cor- 
rosion Inconel always took place 
Other forms corrosion such 
pitting, uniform dissolution surface 
layers, and formation 
face layers oxides oxysalts were 
negligible. The microstructures the 
regions 
were found differ considerably with 
differences experimental conditions. 


Corrosion Under Hydrogen 


The corrosion product microstructures 
formed when Inconel was exposed 
fused sodium hydroxide under blanket- 
ing atmosphere hydrogen differed 
from those formed under other test 
conditions. samples corroded 650 
and below for times 400 hours, 
regions 
were confined largely intergranular 
boundaries and adjacent regions. The 


Figure attack Inconel after 
100-hour exposure NaOH 600 under hydrogen. 
Unetched. Original magnification, 250X; actual mag- 
nification after reduction for engraving purposes, 83X. 


Abstract 


Inconel was exposed fused sodium 

and for times 400 hours. The 
observed reaction was shown to consist 
in the selective leaching of iron and 
chromium from their solid solution with 
nickel. The reaction product, a mixture 
oxides and sodium oxysalts, was found 
to grow in a network of channels which, 
starting from the metal surface, pene- 
trated into the bulk Inconel. The 
geometry of this network differed con- 
siderably with different experimental 
conditions and is described in detail. 
Rate measurements were made and the 
results reported. 4.7 


faint gray lines forming network near 
the surface the specimen shown 
Figure are regions where particles 
the nonmetallic phase occurred most 
densely specimen corroded for 100 
hours 600 Figure individual 
particles the nonmetallic phase may 
distinguished. These particles appear 
long, slender spines. Most the 
spines were confined the immediate 
neighborhood grain boundaries, but 
some extended far into the interior 
metal grains with apparent prefer- 
ence for specific crystal orientations 
the metal matrix. The spines were ani- 
sotropic toward reflected, plane-polar- 
ized light and showed two light extinc- 
tions when the microscope stage was 
rotated. From this was concluded 
that the spines were single crystals.* 
Figure was taken with the aid 
polarized light order obtain con- 
trast between the metallic and non- 
metallic phases. 

700 and 800 nonmetallic particle 
formation was sometimes initiated 
grain boundaries, but within less than 
hours the formation spread through- 
out the grains the surface and there- 
after continued the form thick- 


Figure 2—Nonmetallic crystals formed at intergranular 
regions on Inconel after 100-hour exposure to NaOH 
at 600 C under hydrogen. Sample was photographed 
with the aid of reflected, plane-polarized light; 
analyzer and polarizer were in crossed positions. 
Unetched. Original magnification, 1000X; actual 
magnification after ee for engraving purposes, 
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Figure 3—Two-phase corrosion product layer formed 

on Inconel after 100-hour exposure to NaOH at 

700 C under hydrogen. Unetched. Original magnifica- 

tion, 250X; actual magnification after reduction for 
engraving purposes, 83X. 


Figure 4—Two-phase corrosion product layer formed 

on Inconel after 100-hour exposure to NaOH at 800 C 

under hydrogen. Unetched. Original magnification, 

250X; actual magnification after reduction for en- 
graving purposes, 83X. 


Figure 5—Microstructure within a two-phase region 

formed on Inconel after 100-hour exposure to NaOH 

at 800 C under hydrogen. Unetched. Original magni- 

fication, 1000X; actual magnification after reduction 
for engraving purposes, 


ers 


ening layer two-phase corrosion prod- 
uct. Such are seen Figures 
and which show corrosion after 100 
hours 700 and 800 respectively. 
The distribution density nonmetallic 
particles was less 700 than 800 
800 some the nonmetallic 
particles occurred relatively large, ir- 
regular masses. Figure shows 
tion two-phase corrosion-product 
film which formed during 100-hour 
test 800 This figure suf- 
ficient magnification for some the de- 
tails particle size and distribution 
resolved. 

most tests the two-phase corrosion 
product films which formed 700 and 
800 were not uniform 
Two the most common nonuniformi- 
ties, illustrated Figures and were: 
(1) patches metal 
about the dimensions grains the 
base metal, shown Figure (2) 
much more gradual variations film 
thickness, shown Figure 

700 and 800 the two-phase films 
advanced somewhat more rapidly along 
intergranular regions than through 
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Figure 6—Intergranular attack on Inconel after 
6-hour exposure to NaOH at 700 C under helium. 
Unetched. Original magnification, 250X; actual mag- 
nification after engraving purposes, 


Figure 7—Two-phase corrosion product layer formed 

on Inconei after 47-hour exposure to NaOH at 700 C 

under helium. Unetched. Original magnification, 

250X; actual magnification after reduction for en- 
graving purposes, 83X. 


grains. This intergranular penetration 
was never pronounced but 
quently greater than illustrated the 
figures which accompany this paper. 


Corrosion Under Helium 

When corrosion took 
helium rather than hydrogen, several 
significant differences were found for 
the geometric shapes two-phase 
regions. The two-phase product was 
confined the neighborhood grain 
boundaries for exposures less than 
Most the nonmetallic crystals lay 
two one either side the 
grain boundary, with metallic layer 
between. Figure shows microstruc- 
ture this sort. Here the reaction was 
allowed proceed for only hours; 
therefore the attack was shallow and 
was confined few patches the 
surface. 

When the reaction was 
continue for more than hours 
temperature between 600 and 725 
wedge-shaped regions two-phase 
product extended from near 
droxide-Inconel interface for some dis- 
tance into the underlying metal. With 
increasing time, such wedge-shaped 
structures 
form continuous two-phase film 
the specimen surface with wedges pro- 
jecting beneath the film shown 
Figure 

The substructure the wedges, 
regular. metallic core extended along 
the median plane the wedge. 
metallic dendrites branched out from 
this core approximately constant 
angle. Other metallic regions more 
irregular shapes were scattered through- 
out each wedge. Near the tip 
wedge, slender spine-like crystals the 
nonmetallic phase extended out from 
narrow metallic core. 
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Figure 8—-Wedge-shaped structure formed on Incor2l 

after 100-hour exposure to NaOH at 600 C under 

helium, Unetched. Original magnification, 1000; 

actual magnification after reduction for engraving 
purposes, 330X. 


Figure 9—Two-phase corrosion product layer formed 

Inconel after 100-hour exposure NaOH 

800 under helium. Unetched. Original 

tion, 250X; actual magnification after reduction for 
engraving purposes, 83X. 


Within the base-film from which the 
wedges grew, there was observable 
geometric regularity except that the 
metallic cores many wedges could 
traced back for some distance into 
this region (see Figure 7). 

800 the two-phase region oc- 
curred fine-grained layer the 
Figure many ways resembled 
the layers which tormed under similar 
conditions time and temperature with 
blanketing atmosphere hydrogen, 
but there was one notable difference: 
under helium, strings relatively large, 
particles occurred which 
ran almost straight lines for consider- 
able distances through, 
somewhat below, the two-phase layers. 
Such strings are faintly visible Figure 
and are seen more clearly Figure 
10, which shows part the lower 
boundary two-phase region. 


Grain-Coarsening Phenomena 

The surface layers the two-phase 
corrosion product which formed under 
helium frequently had very coarse 
grain size. Some regions coarsened 
material are evident the surface 
the specimen shown Figure Figure 
shows unusually thick layer 
coarse-grained corrosion product. The 
sponge-like structure the metallic 
phase shown this figure was typical 
all but the thinnest coarse-grained 
layers when corrosion took place 

The transition from 
coarse-grained material was quite 
abrupt, can seen Figure 11. 
However, examination Figure re- 
vealed narrow transition zone, within 
which most the 
peared and collected into much larger 
masses. The metallic 
into interconnected regions which 
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Figure 10—Microstructure at lower boundary of a 
two-phase region formed on Inconel after 100-hour 
exososure to NaOH at 800 C under helium. 
Ur2tched. Original magnification, 1000X; actual 
mognification after for engraving purposes, 
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Figure 11—Photomicrograph showing coarse-grained 

region in upper part of corrosion product layer 

formed on Inconel after 100-hour exposure to NaOH 

at 800 C under helium. Unetched. Original magnifica- 

tion, 250X; actual magnification after reduction for 
engraving purposes, 83X. 


TABLE 1—Corrosion Data for Five Runs 800 for 100 Hours* 


No. Av. Max. Min. Max. Min. 
Run No. Meas. Corr. Corr. Corr. Av. Av. 


* Numerical values in mils. 
** Next largest values: 0.6, 0.6, and 1.0. 


nany the geometric characteristics 
partly sintered mass metallic 
particles. few, small, nonmetallic 
appeared have remained 
trapped within the metallic phase. 

Under atmosphere hydrogen, 
temperatures 600 and 700 
under helium, thin discontinuous layer 
metal often occurred the surface 
the corrosion product film, may 
was found that there 
\\as transition from the two-phase 
corrosion product layer the surface 
film metal. 

Washing with weak acids made 
possible leach substantial portion 
the nonmetallic phase out the coarse- 
grained corrosion products. After such 
leaching, the metal remained coherent, 
interconnected structure. The fact that 
the nonmetallic phase could leached 
this manner showed that too was 
largely interconnected. course, the 
nonmetallic phase may have contained 
few isolated metal particles, and the 
phase definitely contained 
few, small, nonmetallic particles which 
could not leached and which prob- 
ably were isolated. 


Corrosion Measurements 

The corrosion Inconel took place 
largely intergranular penetration 
and the formation two-phase cor- 
rosion product films. Some metal 
entered the liquid phase 
corrosion products, but this was small 
compared with the mass metal af- 
internal attack. 

Measurements the amount cor- 
rosion were made with the aid 
Vickers projection microscope. 
image specimen was projected 
accurately determined magnification 
250, and measurements were made 
the image with calibrated scales 
within 0.2 mil in.). The 
maximum and minimum corrosion which 
was found the entire length 
specimen microsection was measured. 
Then average corrosion was deter- 
mined, the method de- 
pending upon the kind microstruc- 
ture. When corrosion took place two- 


phase film formation, the average cor- 
rosion was determined the arithmetic 
average the film thickness meas- 
uring the cross-sectional area cor- 
rosion-product film along 20-mil 
length specimen surface and numeri- 
cally dividing give the average 
thickness for the 20-mil length. Average 
thicknesses were determined this way 
the resulting values were arithmetically 
averaged give average film thick- 
ness for the entire specimen. The 
arithmetic averaging values for 20- 
mil lengths was justified, inasmuch 
the individual values generally fell 
symmetrical distribution curve. This 
rather complicated averaging procedure 
was necessary because the corrosion 
product films seldom 
form thickness. 


Special problems arose obtaining 
the average corrosion when the film 
was studded with wedge-shaped fingers 
such those shown Figure (These 
occurred only with 
atmosphere and for temperatures 600 
725 C). For such films the metal 
regions between the tips the 
wedge-shaped fingers were counted 
part the film. This procedure sub- 
ject errors judgment the part 
the observer, but film geometry was 
such that these errors were not great, 
and more objective procedure for 
evaluating average corrosion was con- 
sidered prohibitively time-consuming. 

These film thickness measurements 
did not give directly the depth metal 
penetrated corrosive attack since the 
films occupied appreciably more volume 
than that the metal consumed. 
order determine this volurie increase, 
nesses were corroded for 100 hours 
800 under hydrogen. After corrosion, 
the film thickness and total specimen 
thickness were measured number 
sites. The films were found 
approximately percent thicker than 
the depth metal which had been cor- 
roded. 

Average intergranular penetration was 
measured 20-mil lengths the dis- 
tance from the surface the mid-point 


Figure 12—Photomicrograph showing transition from 
fine-grained to coarse-grained structure in corrosion 
product formed on Inconel after 100-hour exposure 
to NaOH at 800 C under helium. Unetched. Original 
magnification, 1000X; actual magnification after re- 
duction for engraving purposes, 330X. 
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Figure 13—Summary of values of average corrosion 

after 100 hours. Values are plotted only for conditions 

under which at least three tests were run. Vertical 

bars show the scatter of values for tests under a 
hydrogen atmosphere. 


between two lines which were parallel 
the surface and which 
tween them the termini all corroded 
boundaries along the 20-mil length. 
aspect intergranular corrosion which 
not quantitatively considered 
this work was the fraction available 
grain boundaries actually attacked. 
Qualitatively, was observed that when 
grain-boundary penetration 
only portion the available bound- 
aries was attacked but that the pene- 
tration went deeper much greater por- 
tion was attacked. This will seen 
comparing Figure with Figure 

compilation all average corrosion 
values for conditions under which 
least triplicate runs were made pre- 
sented Figure 13. This plot shows 
the average corrosion function 
temperature for 100-hour periods. The 
values 550 and 600 are for grain- 
boundary corrosion, and the values 
700 and 800 are for film formation. 
The open and closed circles represent 
values obtained averaging the aver- 
age corrosion for all runs given 
temperature and under 
atmosphere. The average corrosion for 
individual considerably 
about this over-all average. The range 
scatter for runs under hydrogen 
denoted vertical line each tem- 
perature. The range scatter for runs 
under helium was about the same 
that for hydrogen. Two conclusions are 
drawn from Figure 13. First, the cor- 
rosion rate accelerated with temperature 
would expected for any activated 
process. Second, corrosion under hydro- 
gen and under helium did not differ 
significantly extent 700 and 800 
the only temperatures for which compa- 
rable values were obtained. 

Figure 13, course, tells nothing 
the variation corrosion 
place individual specimens. Some 
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Figure 14—Intergranular penetration of Inconel ex- 
posed to NaOH at 650 C under hydrogen as a func- 
tion of time. The closed circles and solid curve repre- 
sent average penetration, whereas the open circles 
and dotted curve represent maximum penetration. 


concept these variations may ob- 
tained from Table which gives values 
obtained from five runs 100 hours 
each 800 two under hydrogen and 
three under helium. These 
five runs under hydrogen and ten 
under helium. The headed 
“Max. Corr.” and “Min. Corr.” give the 
greatest and the least corrosion observed 
anywhere each specimen. Although 
these extreme values deviate significantly 
from the average, they generally were 
associated with quite localized condi- 
tions such are illustrated the 
specimen Figure However, there 
was extreme deviation one site 
metal, there were 
others which deviated almost much. 
For example, was surprising find 
men from Run 171, which had suffered 
observable corrosion. However, this 
was not entirely unique, since there 
were number patches with almost 
corrosion, indicated the foot- 
note Table 

The columns headed “Max. Av.” and 
Av.” give, respectively, the great- 
est and least average corrosion found 
individual 20-mil lengths. The deviations 
these values from the average corro- 
sion give measure the prevalence 
variations film thickness over the 
specimen surface. Some runs, such 
No. 191, showed relatively small varia- 
tions thickness, while others, such 


No. 171, showed quite 
tions, 


Figures 14, 15, and show corrosion 
function time constant tem- 
perature for three different corrosion- 
product microstructures. These curves 
roding number specimens the 
same hydroxide melt and then 
specified times withdrawing individual 
specimens. These specimens were with- 
drawn means wire passing 
through vacuum-tight gland, that 
they would cool portion the 
controlled-atmosphere apparatus. Indi- 
vidual points Figures 14, 15, and 
represent averages taken over individual 
All the points any one 
figure represent averages 
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Figure 15—Corrosion product film thickness on Inconel 
exposed to NaOH at 700 C under hydrogen as a 
function of time. 


mens corroded together the same 
melt for overlapping intervals time. 

Figure gives corrosion data for 
Inconel exposed sodium hydroxide 
under hydrogen 650 for times 
400 hours. The corrosion consisted 
entirely grain-boundary penetration. 
The closed circles and the solid curve 
represent values average penetration 
for each specimen, while the open 
circles and the dashed curve represent 
values maximum penetration. The 
trend both curves essentially the 
same. 


Figure gives the average film 
thickness for specimens exposed for 
various times 100 hours 700 
under hydrogen. Films which looked 
like the film shown Figure were 
formed all specimens. 

Figure gives the average film 
thickness for specimens exposed for 
various times 100 hours 725 
under helium. The corrosion product 
films had many wedge-shaped fingers 
penetrating into the substrate metal and 
looked much like the specimen shown 
Figure Most the points lie 
fairly smooth curve except for the 
point hours, which entirely out 
line. The origin this discrepancy 
not known. The rate corrosive 
penetration given time may ob- 
tained from the slope penetration 
versus time curve such the curves 
Figures 14, 15, and 16. These latter 
curves did not deviate greatly from 
linearity except for brief initial tran- 
sient. 

large number measurements 
were made the thicknesses coarse- 
grained layers the surfaces cor- 
rosion-product films which formed 
800 (Such coarse-grained layer 
shown Figure 11.) Under helium 
these layers averaged percent 
and reached maximum about 
percent the total corrosion-product 
thickness. For hydrogen atmosphere 
the layers averaged percent and 
cent. There was, however, large varia- 
tion the relative thickness these 
layers from specimen specimen and 
between different places the surface 
any one specimen. some specimens 
the coarse-grained layer 
absent, some consisted small 
patches scattered over the surface, and 
form thickness. 
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Figure 16—Corrosion product film thickness o» 
as a function of time. 


Corrosion Product Analysis 


Several analytical procedures 
used effort obtain informatio: 
the chemical constitution the two 
phase corrosion products. All measure 
ments were made specimens whic! 
had been corroded for 100 hours 
800 

Samples corrosion product from 


which substantial portion the non- 
metallic constituent had been leached 
techniques. The predominant phase was 
face-centered cubic structure with 
lattice constant (3.5207 0.0002) 
units, which obviously represents 
slightly 


Rees, Burns, and made 
x-ray study the nickel-iron-chromium 
system. According their data, the 
above lattice constant corresponds 
nickel containing about 
iron plus chromium solution. 
This depletion iron and chromium 
Inconel reaction with fused so- 
dium hydroxide agreement with 
the fact that iron and chromium react 
fairly readily with hydroxide melt, 
whereas nickel does not. Consequently, 
the metallic constituent 
phase corrosion product taken 
nickel containing percent 
iron plus chromium. 

Corrosion-product 
expected from the composition the 
metallic phase. Cross sections cor- 
roded Inconel were metallographically 
polished, covered with thin layer 
aqueous suspension magnetic iron 
oxide, and microscopically examined 
while magnetic field was applied. The 
particles suspended oxide migrated 
quickly and exclusively the two-phase 
corrosion-product layer. 

Samples corrosion product from 
several experiments were mechanically 
spalled away from the unattacked sub- 
strate and analyzed chro- 
mium, iron, and sodium. Sodium was 
determined flame photometry and 
the other three metals volumetric 
methods. The analyses did not vary 
much among samples, and the averages 
the results, together with the 
mum deviation among samples, were 
follows: 63.6 0.3 percent Ni; 
percent Fe; and 6.4 0.1 per- 
cent Na. 
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Effect Cold Work 


Tests were conducted specimens 
Inconel which had been cold-rolled 
reduction thickness. These specimens 
were allowed react with sodium 
for hours 815 The 
resultant corrosion-product microstruc- 
were essentially the same those 
for corrosion high temperatures 
short-time tests. That is, attack was 
primarily along intergranular bounda- 
res with distribution density trans- 
cranular needles inorganic compound 
hich was high near the hydroxide- 
interface but which decreased 
ripidly away from this interface. 


The effect cold work this cor- 
microstructure was two- 
fold. First, the depth penetration in- 
regular way with increasing 
for percent cold work, aver- 
azed twice that for prior cold work. 
the distribution density trans- 
creasing prior cold work. 


Discussion 


was shown that the primary mani- 
the reaction Inconel and 
hydroxide was the formation 
corrosion product which consisted 
metallic and nonmetallic phase. 
The metallic phase was found 
containing small amount 
iron and chromium 
definitive determination the non- 
inetallic phase was not made, but enough 
were obtained justify few con- 
clusions concerning its chemical nature. 


The weight ratio nickel chro- 
mium iron the two-phase regions 
was found 1.00:0.208:0.0928. This 
very close the corresponding ratio 
unattacked Inconel. Consequently, 
the iron and chromium, which were 
much depleted the metallic phase, 
must have been primary constituents 
the nonmetallic phase. information 
was obtained indicate whether 
not nickel was important constituent 
the nonmetallic phase, although from 
the amount nickel present the 
phase, obvious that only 
small part the nickel which could 
have reacted actually did so. The total 
quantity nickel, chromium, iron, and 
sodium present the two-phase region 
was percent. Since these were the 
only metallic elements present 
percent must have consisted the 
nonmetallic elements oxygen 
drogen. 


The mole ratio nickel chromium 
iron sodium the corrosion 
product layer was 
that is, there were more 
sodium than either chromium iron. 
This high sodium ion content shows 
that the corrosion product contained 
significant quantity either sodium 
hydroxide sodium oxide. The lat- 
ter, present, probably was combined 
with the heavy metal oxides form 
sodium oxysalts. 


The above facts, when coupled with 
the reaction products 
elemental metals and fused sodium 
suggest rather strongly that 
the nonmetallic phase consisted 
oxides and sodium oxysalts chromium 
and iron with certain 
quantity nickel ions. This postulate 


quantitatively reasonable provided 
that the undetermined percent the 
weight the two-phase region -is as- 
signed largely oxide ions. 

The nonmetallic phase clearly corre- 
sponded the chemical compounds 
which resulted from the Inconel-sodium 
hydroxide reaction, while the metallic 
phase was that part the Inconel 
which did not react. Thus the over-all 
chemical reaction consisted the se- 
lective leaching iron and chromium 
solution, possibly together 
with some nickel, leaving behind most 
the nickel unreacted. 


The experiments which the non- 
metallic component was separated from 
the coarse-grained corrosion product 
showed that, for this microstructure 
least, the nonmetallic component formed 
interconnected network which was 
contact with the fused hydroxide. 
probable that the fine-grained product 
also formed network which was 
contact with the fused hydroxide; other- 
wise difficult account for the 
presence considerable quantities 
sodium ions the two-phase region. 
concluded, therefore, that each ob- 
served microstructure consisted 
oxide-oxysalt compounds which ex- 
tended continuously from the hydroxide- 
Inconel interface throughout the cor- 
roded region. 


Measurements were made 
depth corrosive penetration func- 
tion time. These measurements gave 
the rate advance the tips the 
corrosion-product network. (It im- 
portant recognize that this rate 
advance not equated the 
which measurements were made, be- 
cause not improbable that lateral 
growth the network continued 
points removed from the advancing 
tips.) The data obtained showed that 
the rate advance did not change with 
time after initial transient few 
hours’ duration. This fact suggests that 
transport through the corro- 
sion-product layer restricted the rate 
advance only secondary way. 
Hence, the more important rate-deter- 
mining steps must have 
configurations which did not change 
significant way with time. Two 
such configurations were the corrosion 
product-hydroxide melt interface and 
the ends the advancing network. 
these two, the network ends seem the 
more plausible choice, partly because 
most processes the corrosion product- 
hydroxide melt interface, such dif- 
fusion through the lamellar layer 
liquid, would expected fast 
processes, and partly because prior cold 
work was shown accelerate the rate 
advance. 

Wagner® pointed out that when the 
rate displacement boundary be- 
tween two phases controlled dif- 
fusion reactant through the phase 
whose volume decreases, there tend- 
ency for the advancing interface 
buckle localized sites and protrude 
into the latter phase. Applied the 
reaction between Inconel and sodium 
hydroxide, this mechanism suggests that 
the reason for the reaction product 
growing network channels rather 
than uniform film the metal 
surface that the rate reaction was 
controlled the rate diffusion 


CORROSION AND METAL TRANSPORT FUSED SODIUM HYDROXIDE 


iron and chromium through Inconel 
rather than rates diffusion through 
the reaction-product network. course, 
Wagner points out, the rate dif- 
fusion through the reaction product will 
exert secondary influence the over- 
all reaction rate because here series- 
diffusion process being dealt with. 
This mechanism general agreement 
with the rate data presented 
paper. 

Measurements the effect prior 
cold work showed that stressed Inconel 
more susceptible attack than un- 
stressed Inconel. This suggests that 
those stresses which undoubtedly de- 
veloped expansion processes the 
corrosion-product layer may have played 
important role corrosion. The 
growth the corrosion-product layer 
was accompanied volume expan- 
sion about percent. This expansion 
must have been localized the inor- 
ganic reaction product distinguished 
from the leached and, hence, 
represented localized expansion very 
much greater than percent. The ad- 
vancing front the reaction-product 
network always consisted slender 
shapes which penetrated into the un- 
attacked metal. Under blanketing 
atmosphere hydrogen these shapes 
were thin wedges advancing along in- 
tergranular boundaries 
branched long acicular crystals into the 
transgranular regions. Under blanket- 
ing atmosphere helium 
shapes consisted wedges, the tips 
which were studded with acicular par- 
ticles. Since the oxide phase occupied 
significantly greater volume than that 
the metal removed leaching, there 
must have been substantial component 
tensile stress normal the axes 
the slender, penetrating particles. Mears, 
Brown, and have pointed out that 
such stress would create stress con- 
centration the base the localized 
corrosion path. elevated tempera- 
tures, metal will plastically deform and 
relieve such stresses. However, over the 
range temperatures considered this 
report, stresses are relieved Inconel 
rate which very much slower 
than the rate advance the cor- 
rosion product. Thus the slender par- 
ticles are envisioned 
stress their growing tips. 

The experimental measurements 
showed that macroscopic scale the 
rate leaching increased stresses, 
and postulated that similar effect 
operative the microscopic region 
stress concentration growing net- 
work tips. 

The grain coarsening which took 
place the surfaces the two-phase 
corrosion-product layers can ex- 
plained terms particle growth 
under the influence tendency 
decrease interfacial free energy de- 
creasing the interfacial area. 


Conclusions 


The observed reaction between In- 
conel and fused sodium hydroxide con- 
sisted the selective leaching iron 
and chromium from their solid solution 
with nickel. The reaction product, 
mixture oxides and sodium oxysalts, 
grew network narrow channels 
which, starting from the hydroxide- 
metal interface, penetrated along pre- 
ferred paths into the underlying Inconel. 
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These paths consisted intergranular 
boundaries and selected crystallographic 
directions the transgranular regions. 


The rate advance the corrosion- 
product network did not change much 
with increasing depth penetration; 
therefore the rate-controlling process 
advancing ends the network, with 
transport processes along the network 
exerting only secondary influence. 


The channels created the leaching 
process were not large enough ac- 
commodate the volume required for the 
reaction product. Therefore considerable 
stresses occurred and were localized 
the advancing tips 
product network. Inasmuch residual 
stresses from prior cold work were 
found increase the susceptibility 
Inconel attack, proposed that 


the self-generated stresses advancing 
ends the reaction-product network 
played important role the rate- 
controlling process. 

two-phase corrosion product re- 
gions where reaction 
subsided, grain coarsening occurred 
which probably took place under the 
influence decrease interfacial free 
energy. 
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Structural Features Corrosion 


Aluminum Alloys Water 300 


Introduction 
AND have 
shown that aluminum alloys con- 
‘aining cathodic elements have good 
corrosion resistance high 
‘emperatures. Such alloys, while free 
tendency sudden breakdown, 
have corrosion rates which are 
high compared those for zir- 
alloys. The present study was 
provide some information 
the factors determining this rate 


Experimental 


Alloys were made from ingots 99.99 
percent pure aluminum (supplied 
\/S Vigelands Brug), high conductivity 
copper, electrolytic nickel 
cent), electrolytic iron (British Drug 
House) and silicon powder 
cent pure, from A/S Bjolvefossen). 
These ingots were melted graphite 
crucibles and allowed solidify the 
crucible. Alloys were used the as-cast 
condition, except the Al-Cu alloys which 
were solution heat treated the ap- 
propriate temperature, and subsequently 
quenched water room temperature. 

All specimens were electropolished 
bath containing 100 perchloric acid 
(specific gravity 1.54) and 900 al- 
cohol. Test samples were placed small 
stainless steel autoclaves, the bottoms 
which were covered with high purity 
aluminum oxide-hydrate prevent elec- 
trical contact between test sample and 
autoclave. The autoclaves were heated 
300 oven and kept there for 
the desired time. After exposure, samples 
were examined means metal- 
lographic microscope. Very often only 
heaps corrosion products were seen; 
such cases the specimen was ground 
carefully metallographic polishing 
wheel remove the loose corrosion 
products and reveal structural details 
the corrosion process. 

Water used all experiments was 
distilled water. 


Results 

Alloys 

The structure as-cast alloy con- 
taining 0.92 percent consists, will 
tic embedded matrix pure 
Upon short exposures distilled water 
300 one observes preferential cor- 
rosion the eutectic regions, shown 
heaps white corrosion products, while 
the matrix becomes covered with thin 
black and apparently dense layer. Later 
part this layer breaks and the 
attack this part the matrix be- 
comes more uneven and stronger. The 
corrosion products the matrix arising 
from this second stage give reflection 
polarized light when viewed with 
crossed nickels, while the black layer 
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gives such reflection. The develop- 
ment can seen Figure which 
shows the breaking the black layer 
well heavy concentration corro- 
sion products the eutectic regions. 
Sometimes one finds that all the corro- 
sion products the surface spall off, 
giving surface with clearly metallic 
appearance. first sight one might take 
the metallic lustre sign that 
corrosion had taken place, but examina- 
tion under the microscope easily proves 
that this not the case, and that the 
metallic surface has indeed suffered at- 
tack. 


Thus seen that the matrix attack 
these alloys assume three different 
appearances: (1) black regions with very 
little corrosion, which give reflections 
polarized light under crossed nickels, 
(2) regions metallic appearance, and 
(3) grey regions with aggregates cor- 
rosion products. 

polishing off the outer layer the 
samples, was found that the material 
the eutectic had been corroded more 
deeply than the material the matrix. 
Figure shows the same sample 
Figure after some mechanical polish- 
ing, and Figure shows the results 
removing still more the surface layer. 
The width the corroded zone de- 
creases with increasing depth and the 
impression that V-notch, although 
the lower tip the notch does not 
appear sharp, and probably 
broad the eutectic region. evi- 


Abstract 


number aluminum alloy specimens 
were immersed in distilled water heated 
300 and study made the struc- 
tural features of corrosion. Samples were 
the following general types: 
alloys, Al-Fe alloys, Al-Ni-Fe alloys, Al- 
alloys and alloys. After ex- 
posure samples were examined by means 
of a metallographic microscope. In a 
number of cases the specimens were 
ground on a metallographic polishing 
wheel to reveal structural details of 
the corrosion process. Photomicrographs 
both polished and unpolished speci- 
mens are included with the paper. 6.4.2 


dent that the attacked region the 
surface (Figure much broader than 
the eutectic region itself (as seen 
Figure 1). When comparing with other 
forms attack aluminum alloys, the 
attack around the eutectic regions is, 
will seen from the micrographs, very 
even and smooth. One more thing note 
about this attack that the corrosion 
products which fill the notches seem 
very dense material. 
Experiments lasting for longer periods 
time, 834 hours, did not reveal 
any significant additional features the 
corrosion process, except that some 
small blisters developed. was not pos- 
sible obtain evidence the rela- 
tion between the location and shape 
the blisters and the structure the 
alloy. Consequently, not known 


Figure 1—Structure of as-cast Al-0.92 percent Ni 
aliovs. Original maanification, 135X; actual magnifi- 
cation after reduction for engraving purposes, 86X. 


Figure 2—Cast percent alloy after 

hours 300 distilled Original magnifi- 

cation, 135X; actual magnification after reduction 
for engraving purposes, 86X. 
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Figure 3—Same specimen as shown in Figure 2 after 
some mechanical polishing. Original magnification, 
135X; actual magnification after reduction for en- 


graving purposes, 86X. 


Figure 4—Same specimen as shown in Figure 3 after 
additional mechanical polishing. Original magnifica- 
tion, 135X; actual magnification after reduction for 


engraving purposes, 86X. 


these blisters arise for the same reasons 
the accelerated attack per- 
cent alloy described below, 

The structure Al-Ni alloy con- 
taining 0.09 percent shown 
Figure and readily seen that the 
eutectic regions are much less extensive 
than the 0.92 percent alloy. The 
0.09 percent alloy disintegrates rap- 
idly water 300 and this dis- 
integration caused very strong 
attack setting the pure aluminum 
matrix, However, before this accelerated 
attack sets in, the eutectic regions al- 
ready have suffered some attack. Figure 
gives some idea the development 
attack. the middle the specimens 
one can distinguish regions 
eutectic attack still the important 
mode attack. Elsewhere the strong 
matrix attack has set in; Figure shows 
the nature this attack 
magnification after removal the top 
layer means mechanical polishing. 

interesting note that this alloy 
also suffers severe attack 200 
this case, however, the damage caused 
primarily attack spreading out from 
the eutectic regions, and the matrix at- 
tack not very important part the 
total amount attack. 

alloy containing 4.5 percent also 
was used few experiments. the 
initial stages the appearance the alloy 
was very similar the percent 
alloy, with black layer the matrix 
and attack the eutectic regions. How- 
ever, this attack did not penetrate 
far deeply into the metal was the 
case with the 0.92 percent alloy. After 
124 hours, accelerated attack similar 
the type met with the 0.09 percent 
alloy was observed. The microscopic 
evidence was not quite conclusive, but 
there were indications that this acceler- 
ated attack started the matrix. 

another series experiments, 
above 310 cast Al-1 percent alloys 
were found suffer the same kind 
accelerated matrix attack which finally 
led complete disintegration the 
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Figure 5—Structure of as-cast Al-0.09 percent Ni 
alloy. Original magnification, 72X; actual magnifi- 
cation after reduction for engraving purposes, 46X. 


Figure 6—Cast percent alloy after 112 
hours at 300 C in distilled water. 3X. 


specimens, rolled Al-Ni alloy contain- 
ing 1.04 percent Ni, annealed 450 
for one hour for recrystallization, was 
tested 300 for 834 hours. The micro- 
structural observations indicated strongly 
that this stage, attack was concen- 
trated the eutectic regions, ac- 
cordance with the observations cast 
alloys. blisters were observed 
rolled alloys. 


Al-Fe Alloys 

The structure cast percent 
alloy shown Figure This 
material very similar the 
percent alloy, with the difference 
that the particles the eutectic regions 
spaced the iron-containing alloy than 
the nickel-containing one. 

Also the corrosion patterns there 
are some differences. Figure shows 
that matrix attack more serious than 
the 0.92 percent alloy. might 
indeed seem from the micrograph that 
the matrix more attacked than the 
eutectic. However, polishing off the 
top layer the sample, was found 
that penetration corrosion the 
eutectic regions deeper than the 
matrix, although the difference not 
seen Figure 10. This difference be- 
tween and Al-Fe alloys was con- 
firmed experiments lasting 834 
hours. After being exposed for some 
time, percent alloy suffered 
extensive damage due accelerated at- 
tack which the metal surface was 
broken up, leaving mixture metal 
and corrosion products. 

Black metallic matrix regions were 
not observed Al-Fe alloys. 

percent alloy with large 
primary crystals also was 
tested. The impression was that the 
crystals were much more resist- 
ant attack than the crystals 
under the exposure conditions which 
the alloys were tested. 
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Figure 7—Same specimen shown Figure 
some mechanical polishing. Original magnificatio:., 
72X; actual magnification after reduction for er- 
graving purposes, 46X. 


alloy. Original magnification, 72X; actuas magnifi- 
cation after reduction for engraving purposes, 86X. 


Al-Ni-Fe Alloys 

alloy containing 0.5 percent and 
0.5 percent was prepared which had 
the microstructure shown Figure 11. 


general, samples this alloy show 
the three kinds matrix appearance 
did the percent alloy, but 
there are important differences 
havior. While matrix attack appears 
less strong than the attack the 
second-phase regions, both are definitely 
much smaller magnitude than the 
attack the percent alloy; 
indeed, only with some difficulty 
that the difference corrosion rate be- 
tween second-phase regions and matrix 
can discovered. Some small blisters 
were found, but again was impossible 
get clear impression their rela- 
tion the structure the alloy. The 
microscopic examinations might lead 
the inference that the blisters were not 
filled with corrosion products. 
presumably they were filled with gas. 


Al-Cu Alloys 
These alloys were much less resistant 


corrosion than the above mentioned 


alloys. The surface was covered immedi- 
ately with layer corrosion products, 
and blisters were soon formed. any 
rate the early stages attack, little 
corrosion products could seen 
the blisters. Figure shows blister 
after hours’ exposure. 


Al-Ni-Si Alloys 

alloy was prepared containing 0.5 
percent and 0.45 percent Si. The 
microstructure shown Figure 13. 
seen that the structure different 
from that the Al-Ni-Fe alloy. par- 
ticular, one notices that the second-phase 
regions are split small bits. 

accordance with the results 
Draley and Ruther the corrosion resist- 
ance the alloy was found in- 


Figure 8—Structure as-cast Al-0.85 percent 


gion: 
surfa 
unde 
tensi 
alum 
looks 
some 
stead 
sibly 
more 
defin 
The 
smoo 
stron 
could 
corro 


J 
gure 
= 
irom 
q rene 
prec 
matr 
simp 
woul 

alum 

sets 
the 
stro 
q 


how 
but 
be- 
the 
tely 
the 
loy; 
ulty 
be- 
trix 


ters 
ible 


January, 1958 


9—Cast percent after hours 

ct 300 C in distilled water. Original magnification, 

actual magnification after reduction for en- 
graving purposes, 


that the Al-Ni-Fe alloy. 
details the corrosion proc- 
could revealed clearly. 


Discussion 


Although the beneficial effect ca- 
iodic alloying elements the corrosion 
aluminum high temperatures has 
reported several investigators, 
way which these constituents in- 
tack has not received much attention. 
true also the question opti- 
dispersion the cathodic phase 
vith regard corrosion resistance. The 
only reference the latter point comes 
irom who stresses the impor- 
‘ance having finely dispersed pre- 
cipitate. 

not clear whether not Draley’s 
remark applies both blistering attack 
and ordinary general attack. does 
apply both, one might think that the 
veneral corrosion resistance around the 
precipitates better than the pure 
matrix. 

The present results show that cast 
alloys, least, the matter not 
simple. Contrary, perhaps, what 
would expected, found that the 
aluminum metal the eutectic 
regions corrodes faster than anywhere 
else. Furthermore, the evidence seems 
suggest that the smaller the amount 
eutectic, the greater the attack 
the eutectic. (This does not necessarily 
apply the accelerated attack which 
sets the pure Al-matrix.) might 
look, therefore, the ratio areas 
pure Al-matrix eutectic regions 
the surface some extent determines 
the general corrosion rate least 
start with. The higher this ratio, the 
stronger the attack the eutectic re- 
gions. From this point view the im- 
portance fine dispersion (i.e., large 
surface) the precipitate becomes easily 
understandable. 

generally accepted that the ex- 
tensive blistering damage high purity 
aluminum cathodically stimulated 
damage. Since the Al- 
alloys presumably act cathodes, 
some extent sacrificial protection. In- 
stead accelerated cathodic attack pos- 
sibly due hydrogen the result 
more general cathodic attack. 

This latter attack the author’s view 
definitely not the hydrogen type. 
The whole topology attack and the 
smoothness with which occurs points 
strongly against the occurrence hy- 
drogen blisters. More likely, the attack 
could stimulated cathodically pro- 
duced alkalinity. 

seems suggest that the good 
corrosion resistance alloys 


Figure percent alloy after 
hours 300 distilled water. Top layer was 
removed by mechanical polishing. Original magnifi- 


X; actual magnification after reduction 


cation, 
for engraving purposes, 86X. 


Figure 11—Structure of as-cast Al-0.5 percent Ni- 

0.5 percent Fe alloy. Original magnification, 135X; 

actual magnification after reduction for engraving 
Purposes, 86X. 


taining precipitate grain boundaries 
and iron-containing one within the 
grains. doubted, however, that such 
explanation correct for cast alloys 
the initial stages attack. 

First, comparing the structures 
Figures and difficult see any 
great differences between and 
the way which the precipitate 
Furthermore, examination rolled al- 
loys shows that most nickel-containing 
precipitate not located the grain 
boundaries. the other hand, the wide 
spacing the lamellae the eutectics 
Al-Fe alloys, and the low percentage 
iron (1.8 percent) necessary make 
fully eutectic structure (as compared 
5.7 percent for nickel) give larger 
amounts eutectic regions Al-Fe 
alloys than alloys corre- 
sponding composition. 

Secondly, Al-Ni-Fe alloy does not 
give precipitates corresponding the 
sum precipitates the two binary 
alloys, Al-Ni and Al-Fe. For instance, 
the percent Ni-0.5 percent 
alloy precipitates only one secondary 
phase, namely The structure 
the Al-0.5 percent Ni-0.5 percent 
alloy shown Figure 11, and 
evident that precipitation the ternary 
phase takes place much finer scale 
than for the corresponding binary alloys 
(Figures and 8). The rate solidifica- 
tion identical for the three structures. 

believed, therefore, that the cor- 
rosion behavior must 
explained terms the fine distribu- 
tion ternary precipitate these alloys. 

The inferior resistance AI-Ni-Si 
alloys not easily understood. Ac- 
cording the phase diagram, the ter- 
nary alloy should give the same precip- 
itates the corresponding binary alloys. 
However, when comparing Figures and 
evident that the presence greatly 
alters the distribution nickel-contain- 
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Figure 12—Cast and solution-treated Al-0.89 percent 

Cu alloy after 105 hours at 300 C in distilled water. 

Metal is at top and mounting medium is shown in 

lower portion of Photograph. Original magnification, 

72X; actual magnification after reduction for en- 
graving purposes, 46X. 


Figure 13—Structure of as-cast Al-0.5 percent Ni- 
0.45 percent Si. Original magnification, 135X; actual 
magnitication after reeuee for engraving purposes, 


ing precipitate. How this affects the cor- 
rosion resistance cannot decided upon 
the present time. 

closer study Al-Cu alloys might 
yield valuable information the role 
dispersion precipitate. 

The poor corrosion resistance solu- 
tion-treated and aged alloys show 
that very fine dispersion cathodic 
precipitate not itself guarantee 
low general corrosion resistance, not 
even for avoiding blistering corrosion. 
this connection would interest 
alloying agent with that Cu-salts used 
aqueous inhibitors. 

present, little can said about 
the true mechanisms corrosion the 
Al-matrix the alloys investigated here. 
The structure the thin black layer 
not known; diffraction 
only boehmite, but that may not the 
actual composition and structure the 
layer. Also not known the matrix 
stimulated. cathodically stimu- 
from the accelerated matrix attack found 
the Al-0.09 percent alloy. 
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DISCUSSION 
Ruther, Argonne National Laboratory, 
Lemont, 
Care must taken distinguish be- 
tween the initial stages reaction 
(where shown most the attack 
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the eutectic zone) and long con- 
tinuing corrosion. After long corrosion 
testing, from few weeks 200 toa 
year 350 the surface least 
roughly uniformly corroded. That 
say, the attack the eutectic regions 
does not remain much faster than that 
the matrix. follows that cannot 
deduced from the evidence provided 
that the depth attack (or the general 
corrosion rate) will increased 
larger ratio Al-matrix eutectic 
area. Hence this would not seem 
satisfactory explanation for the de- 
sirability fine-grained material. 

still prefer the explanation based 
the size the matrix phase areas 
which can protected cathodes. 
There are two types anodic protection 
which might effective: 


1.To stop blistering, the entry 
hydrogen into the metallic alu- 
minum can prevented. 

Cathodically produced should 
kept away from the matrix 
phase avoid alkaline attack. 
few investigators have shown the 
latter effect more ordinary tem- 
peratures external polariza- 
tion; for example Groot (Hanford 
report HW-33881, The Galvanic 
Corrosion Aluminum, 1955). 


Optimum anodic protection 
provided finely dispersed cathodes 
the sample surface. 

somewhat surprising that Dr. 
Carlsen found indication precipi- 
tate within the grains 
ternary alloys. indicated 
ence found such precipitate 
binaries containing iron, but not 
binaries containing nickel. addition, 
all ternaries examined have shown such 
precipitate. The accompanying photo- 
micrograph (Figure 14) shows the typi- 
cal as-cast structure alloy con- 
taining 0.5 percent plus 0.2 percent 
(remainder high purity aluminum). 
Magnification 250X. The addition 
another 0.1 percent caused consider- 
able broadening the grain boundary 
eutectic, but change the appear- 
ance the grains. should remarked 
that the intra grain precipitation the 
presence iron has never been seen 
causal inspection. has been necessary 
etch carefully, using “modified Keller’s 
etchant” (HNO,, HCl, HF, H:O) for 
times the order seconds. 

addition, our alloys 
marily been chill-cast small molds, 
with resultant fine structure, and perhaps 
with precipitation occurring 
from that obtained 
Carlsen. 

Regarding the effect silicon, there 
are two effects which are suggested. 
When this element added small 
quantities binary alloy containing 
iron nickel, considerable grain refine- 
ment should result typical casting 
methods are used. This should bene- 


cussed,’ significant quantities silicon 
can expected dissolve the matrix 
phase the corrosion test temperature. 
This should make the matrix more 
cathodic and more difficult protect 
anodically. 


There some evidence suggest 
that copper also dissolves the matrix 
extent which helps explain its 
relatively poor effectiveness addi- 
tive for the prevention intergranular 
blistering 


Reply Kurt Carlsen: 

The author appreciates Dr. Draley’s 
and Dr. Ruther’s comments the dura- 
tion experiments. Samples examined 
the author after five weeks’ exposure 
still showed stronger attack the eutec- 
tic regions than the matrix regions. 
Whether five weeks should con- 
sidered “initial stage” not, surely 
debatable point, but there every 
reason believe that what takes place 
during this period determines the sub- 
sequent behavior the sample. the 
other hand, would very interesting 
see microscopic evidence that samples 
are uniformly corroded after longer 
periods. 

With regard the two types 
anodic protection which are mentioned, 
the author would like make the fol- 
lowing remarks: 

(1): There evidence that hy- 
drogen gas any way responsible 
for the catastrophic corrosion alu- 
minum certain purity levels. 

(2): The statement that 
cally produced should 
away from the matrix and that 
this can provided “by finely dispersed 
cathodes the sample surface” seems 
reasonable enough, but does not offer 
satisfactory explanation the sense 
suggesting specific mechanism for the 
phenomenon. Obviously, would seem 
that having finely dispersed cathodes 
one would concentrate rather than keep 
away the matrix phase, and 
that corrosion rate would increase rather 
than decrease. seems reasonable 
believe that some yet unformulated 
mechanism operative here, 
idea sacrificial protection was offered 
the author the hope that might 
lead the elucidation this 
mechanism. 

for the location second phases 
the alloys, the author has not, 
evidenced the text, disputed the pres- 
ence iron-rich precipitate the grains. 
What the author has disputed 
notion that somehow iron-containing 
alloys are markedly different from 
nickel-containing alloys this respect, 
and that ternary alloys will exhibit fea- 
tures which can derived sum 
the features the binary systems. 

the as-cast condition both the 
binary alloys will contain eutectic areas 
between the primary dendrites 
tween the grains themselves. Mechanical 
working followed recrystallization 
will distribute the second 


Figure 14—Typical as-cast structure of an alloy 
containing 0.5 percent Ni plus 0.2 percent Fe (re- 
mainder _. purity aluminum). Original magnifica- 


tion was 250X; actual magnification after reduction 
for engraving purposes —— Modified Keller’s 
etch. 


ticles more homogeneously throughout 
the new grains. Because coarser par- 
ticles and greater inter-particle spacing 
the iron eutectic over 
eutectic, the former will tend appear 
more homogeneous than the The 
difference between the two eutectics 
brought out clearly the author’s 
photographs. should pointed out 
that precipitate formed 
solid state will found, since the solu- 
bility iron and nickel aluminum 
practically independent temperature. 
The ternary alloys will have struc- 
ture which depends whether the par- 
ticular alloy lies two-phase 
three-phase field. The 0.5 percent Fe- 
0.5 percent alloy lies the two-phase 
region and will solidify 
binary manner, similar 
alloys mentioned above. Figure shows 
clearly the ternary eutectic the ter- 
nary alloy, and the similarity with the 
two binary systems evident. follows 
that the assumption distribution 
ternary alloy sum the distribu- 
tion the corresponding binaries not 
correct. Similarly, since the corrosion 
resistance this particular ternary alloy 
very good, the implied explanation 
the improved resistance aluminum- 
iron-nickel alloys must wrong. 
Regarding metallographic techniques, 
the author believes that electropolishing 
used the present investigation 
lowed etching detecting micro- 
small amounts second phases. looks 
the author the micrograph shown 
polishing and etching. should com- 
pared with the microstructure shown 
Figure 11. The clarity the latter, 
shown for instance the continuity 
the ternary eutectic, speaks for itself. 


Any discussions this article not published above 


56t 


will appear the June, 1958 issue 


( ay 
will 


rec 
iv Oi 
pm. 
will | 
\ ‘riot 
ejuip 
rod i 
comuir 
quest 


Uni 
rosior 
\udit 
been 
pletio 
curin 
ject 1 
tionn 
up to 
and ¢ 


Uni 
rosior 
\udit 
srour 
water 
pects, 


Uni 
rosior 
Audit 
vroup 
devel 
oil we 


Uni 
Thurs 


Mond 


Wedn 


Thur: 


é 
q 
7 
q 
q 
7 
q 
4 


San Francisco Technical Committee Program Set 


Over Meetings Planned Cover 
Principal Industrial Corrosion Problems 


Approximately NACE Technical Committees have scheduled meet- 
during the 1958 Annual Conference San Francisco. Meetings all 
cay Monday, March will held the Fairmont Hotel. Meetings 
Wednesday, Thursday and Friday, March through 21, will 
held the Civic Auditorium. Technical committee meeting programs 
vill vary from round table discussions presentation formal reports. 
ollowing brief discussion what each committee plans discuss. 


rechnical Group Committee T-1, Corrosion 
in Oil and Gas Well Equipment: 9 a.m.-4:30 
} m. Monday, March 17, Fairmont Hotel. T-1 
wll hear reports from unit committees on 
\ ‘\rious phases of corrosion in oil and gas well 
e;uipment. A question-answer discussion pe- 
rod is planned for the afternoon session. T-1 
committee members will be asked to submit 
questions for discussion before the meeting. 

Unit Committee T-1B, Condensate Well Cor- 
rusion: 1:30-3:30 p.m., Wed., March 19, Civic 
\uditorium. Unit Committee T-1B work has 
been concentrated on high pressure well com- 
pletion and corrosion mitigation procedures 
curing the past year. Task group on the sub- 
ject will report on the results of two ques- 
tionnaires designed to bring the committee 
up to date on high pressure well completion 
and corrosion mitigation procedures, 


Unit Committee T-1C, Sweet Oil Well Cor- 
rosion: 3:30-5:00 p.m., Wed., March 19, Civic 
Auditorium, T-1C will hear reports from 
sroups on water dependent field practices, 
water dependent corrosion experimental as- 
pects, water independent field practices and 
water independent corrosion aspects. 


Unit Committee T-1D, Sour Oil Well Cor- 
rosion: 8-9 a.m. Wednesday, March 19, Civic 
Auditorium. T-1D will hear reports from task 
sroups on pump corrosion and discuss latest 
developments on corrosion mitigation in sour 
oil wells, 


Unit Committee T-1F, Metallurgy: 2-5 pm, 
Thursday, March 20, Civic Auditorium, T-1F 


will discuss metallurgical problems currently 
confronting the oil and gas production in- 
dustry. Task Group 1-1F-1 on Sulfide Stress 
Corrosion Cracking will report at the meet- 
ing immediately following the T-1F meeting. 
T-1F-2 on Sweet Crude and Condensate Stress 
Corrosion Cracking will report at the T-1F 
meeting and will hold a meeting immediately 
following the T-1F-1 meeting. 


Unit Committee T-1H, Oil String Casing 
Corrosion: 9-10 am, Wednesday, March 19, 
Civic Auditorium. Latest developments on 
eathodic pretection of oil well casings will 
be discussed. 


Unit Committee T-1J, Oil Field Structural 
Plastics: 2-4:30 pm, Wednesday, March 19, 
Civic Auditorium. T-1J will hear reports on 
performance of plastic tanks and pipe. It is 


expected discussion on service history from 
various operating companies will be _ pre- 
sented, 


Unit Committee T-1K, Inhibitors for Oil 
and Gas Wells: 10-11 am, Wednesday, March 
19, Civic Auditorium. T-1K will hear reports 
from task groups on sour crude inhibitor 
evaluation and sweet crude inhibitor evalua- 
tion. A method for testing inhibitors for use 
in oil and gas wells will be discussed. 


Unit Committee T-2A, Galvanic Anodes: 
9-11 am, Wednesday, March 19, Civic Audi- 
torium, T-2A will discuss latest developments 
and application of galvanic anodes in ca- 
thodice protection installations. It is expected 
the Task Group on Development of Standard 


Accelerated Galvanic Anode Test Procedures 
will rey ort. 


Unit Committee T-2B, Anodes for Impressed 
Currents: 2-5 pm, Thursday, March 20, Civic 
Auditorium. T-2B will hear reports from Task 
Groups on Sources of Impressed Current for 
Anodes, Ground Bed Design Data, Use of 
High Silicon Cast Iron Anodes and use of 
Platinum, Palladium, ete, for Anodes. 


Unit Committee T-2C, Minimum Current Re- 
quirements: 9-11:30 a.m., Monday, March 17, 
Fairmont Hotel. T-2C will hear reports from 
task groups on hasic criteria, coupons as a cri- 
teria for cathodic protection, history of ca- 
thodic protection and cathodic protection cri- 
teria research, A proposed minimum current 
requirement for the minimum protection of 
buried pipe lines will be presented to the 
committee by a special task group. If ap- 
proved the report will be submitted to the 
T-2 Task Group on Minimum Requirements for 
Protection of Buried Pipe Lines. 


Unit Committee T-2D, Standardization of 
Procedures for Measuring Pipe Coating Leak- 
age Conductance: 9-11:30 am, Tuesday, March 
18, Civic Auditorium. T-2D will discuss Task 


Group reports on Procedures for Measuring 
pipe coating leakage conductance in short 
insulated sections of low conductance, at 


inaccessible locations such as water crossings, 
with parallel lines and on pipe observed to 
be in stray current fields. 


Unit Committee T-2E, Internal Corrosion of 
Product Pipe Lines and Tanks: 9-11:30 am, 
Tuesday, March 18, Civic. Auditorium. T-2E 
will continue to discuss results of the commit- 
tee sponsored in-line coupon program. Several 
companies participating in the testing pro- 


gram should have coupons available for 
inspection and discussion. 


Unit Committee T-2H, Asphalt Type Pipe 
Coatings: 9-11:30 am, Wednesday, March 19, 
Civie Auditorium, T-2H will discuss committee 
reports on asphalt type coatings application 
and procedures, minimum requirments. Task 
groups on methods to classify environmental 
conditions, criteria for reporting on and evalu- 
ating underground coatings and internal pipe 
treatment specifications will report. 


Unit Committee T-2J, Wrappers for Under- 
ground Pipe Line Coatings: 9-11:30 am, Mon- 
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day, March 17, Fairmont Hotel. T-2J will dis- 
cuss material specifications that have been 
prepared by task groups on asbestos felt, glass 
wrap, glass base, outer wrap and rock shield. 
If approved by the committee the reports will 
be submitted to T-2 Task Group on Minimum 
Requirements for Protection of Underground 
Pipe Lines. 


Unit Committee T-2K, Prefabricated Plastic 
Film for Pipe Line Coatings: 9-11 am, Wed- 
nesday, March 19, Civic Auditorium, T-2K will 
hear reports from task groups on standards 
research and development and history and 
results. A report on minimum required mate- 
rial specifications and application procedures 
for prefabricated plastic films for pipe line 
coating will be discussed. 


Unit Committee T-3A, Corrosion Inhibitors: 
2-3 pm Wednesday, March 19, Civic Audito- 
rium, I'-3A will discuss case history data and 
will hear reports from task groups on use of 
chemical inhibitors. 


Unit Committee T-3B, Corrosion Products: 
3-4:30 pm, Wednesday, March 19, Civie Audi- 


TECHNICAL 
REPORTS 


SULFIDE CORROSION 
the 


PETROLEUM INDUSTRY 


T-5B-2 Effect Sulfide Scales Catalytic 
Reforming and Cracking Units. Part 
1—Metallographic Examination of Samples 
From a Catalytic Reforming Unit. Part 2— 
Intergranular Corrosion 18-8 Cr-Ni Steel 
as a Result of Hydrolysis of Iron Sulfide 
Scale. A Contribution to the Work of NACE 
Task Group T-5B-2 Sulfide Corrosion 
High Pressures and Temperatures 
Petroleum Industry. Per Copy $.50. 


1-5B-2 Collection and Correlation High 

Temperature Hydrogen Sulfide Cor- 
rosion Data—A Contribution to the Work of 
NACE Task Group T-5B-2 on Sulfide Corro- 
sion High Temperatures and Pressures 
the Petroleum Industry: From M. W. Kellogg 
Co., New York by G. Sorell and W. B. Hoyt. 
Pub. 56-7. Per Copy $1.50. 


T-5B-2 High Temperature Hydrogen Sulfide 
Corrosion in Thermofor Catalytic 
Reformers—A Contribution the Work 


NACE Task Group T-5B-2 Sulfide Corro- 
sion at High Temperatures and Pressures in 
the Petroleum Industry: From Socony Mobil 
Oil Co., Inc., Res. & Dev. Lab., Paulsboro, 
N. J. by E. B. Backensto, R. D. Drew, R. W. 
Manuel and Sjoberg. Pub. 56-8. Per 
Copy $1.00. 


T-5B-2 Effect Hot Hydrogen Sulfide En- 

vironments on Various Metals—A 
Contribution to the Work of NACE Task 
Group T-5B-2 Sulfide Corrosion High 
Temperatures and Pressures in the Petroleum 
Industry: From Sinclair Res. Lab. Inc., Harvey, 
57-2. Per Copy $.50. 


T-5B-2 High Temperature Sulfide Corrosion 

in Catalytic Reforming of Light 
Naphthas—A Contribution to the Work of 
NACE Task Group T-5B-2 Sulfide Corro- 
sion at High Temperatures and Pressures in 
the Petroleum Industry: From Humble Oil & 
Ref. Co., Baytown, Texas. Pub. 57-3. Per 
Copy $.50. 


Remittances must accompany all orders for iit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
volced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


CORROSION—-NATIONAL ASSOCIATION 


torium. T-3B will discuss the committee spon- 
sored bibliographies of corrosion products and 
future work, 


Unit Committee T-3C, Annual Losses Due 
to Corrosion: 9-11:30 am, Tuesday, March 18, 
Civic Auditorium. T-3C will hear a final report 
on the committee sponsored questionnaire on 
the cost of coatings used as corrosion mitiga- 
tion material. A preliminary report on results 
of the questionnaire was presented to the 
committee at a meeting in Pittsburgh on 
November 12. 


Unit Committee T-3D, Instruments for 
Measuring Corrosion: 9-11 am, Thursday, 
March 20, Civic Auditorium, Discussions from 
the task group on electrical holiday inspection 
of coatings will be heard and the committee 
will discuss new instruments and applications 
of instruments for measuring corrosion. 


Unit Committee T-3E, Railroads: 9-11:30 am, 
Thursday, March 20, Civic Auditorium. T-3E 
will hear reports from task groups on corro- 
sion of railroad tank cars and corrosion in 
railroad hopper cars. The task group report 
on corrosion of railroad tank cars will include 
data on application and performance of vari- 
ous organic linings. The task group on cor- 
rosion in railroad hopper cars will discuss 
tests of cathodic protection on railroad hopper 
ears and use of various metals for hopper cars. 


Unit Committee T-3F, on Corrosion by High 
Purity Water: 9-11:30 am, Tuesday, March 18, 
Civic Auditorium, T-3F will hear reports from 
task groups on facilities for production of 
high purity water, inhibitors, corrosion prod- 
ucts, general corrosion problems, declassifica- 
tion and bibliographies. The committee is 
sponsoring a four-paper symposium, Tuesday 
afternoon, March 20 at the Civic Auditorium. 
Papers to be presented will be discussed at 
the committee meeting. 


Unit Committee T-3G, Cathodic Protection: 
9-11:30 am, Tuesday, March 18, Civic Audi- 
torium. T-3G will hear reports from task 
groups on cathodic protection of hull bottoms 
of ships, cathodic protection of heat exchang- 
ers and cathodic protection of process equip- 
ment. A report by the cathodic protection of 
hull bottoms of ships task group approved by 
the committee will be submitted for publica- 
tion soon, The task group on cathodic protec- 
tion of heat exchangers has also concluded a 
formal report expected to be submitted for 
CORROSION early this year. 


Unit Committee T-3H, Tanker Corrosion: 
2-4:30 pm, Monday, March 17, Fairmont Hotel. 
T-3H will hear discussions from operating 
companies on procedures used to mitigate 
corrosion in their tankers, New developments 
on mitigation of tanker corrosion will be 
discussed. 


Unit Committee T-4A, Effects of Electrical 
Grounding on Corrosion: 2-4:30 pm, Monday, 
March 17, Fairmont Hotel. T-4A will hear 
status reports from task groups on recom- 
mendations for materials to be used for elec- 
trical grounding to reduce corrosion and 
recommendations on grounding on _ private 
premises, 


Unit Committee T-4B, Corrosion of Cable 
Sheaths: 9 am-5 pm, Tuesday, March 18, Civic 
Auditorium. T-4B meeting will be devoted to 
reports of and discussion of reports from 
task groups on lead and other metallic 
sheaths, cathodic protection, test and survey, 
protection of pipe type cable, non-metallic 
sheaths and coatings, stray current electroly- 
sis. Approximately one hour will be devoted 
to the work of each group. T-4B activities 
cover all aspects of corrosion of underground 
cables used by the utility and communications 
industries, 


Unit Committee T-4D, Corrosion by Deicing 
Salts: 2-4 pm, Thursday, March 20, Civic 
Auditorium. T-4D will hear reports from 
task groups on procedures for conducting 
field tests below ground and coordination of 
field programs between cities and transporta- 
tion companies. Increasing use of deicing salts 
in various areas and their effect on buried 
cables and pipe will be discussed. 


Unit Committee T-4E, Corrosion by Domes- 
tic Waters: 2-3 pm, Tuesday, March 18, Civic 
Auditorium. T-4E will hear a report from the 
Task Group on Hot Water Tank Corrosion. 
Committee project on tests of various domes- 
tic waters and their corrosive effect on various 
metallic materials will be discussed. 


Unit Committee T-4F, Materials Selection 
for Corrosion Mitigation in the Utilities Indus- 
try: 3-4:30 pm, Monday, March 17, Fairmont 
Hotel. The T-4F meeting will be immediately 
preceded by a meeting of the task group on 
materials selection in the water industry. 


Unit Committee T-5A, Chemical Manufac- 
turing Industry: 9 am-5 pm, Monday, March 


CORROSION 


ENGINEERS 


17, Fairmont Hotel. The T-5A meeting wi! 
be devoted to reports and discussion of reports 
from task groups on sulfuric acid, acetic acic 
Chlorine, nitric acid and HF corrosion. Prot 
lems to be discussed by the various tas! 
groups include those of users of the variou; 
chemicals as well as problems of the chemic;! 
manufacturing industry. The nitric acid an; 
HF corrosion task groups have preliminar: 
formal reports to be discussed. 


Unit Committee T-5B, High Temperatur.- 
Corrosion: 9-11 am, Wednesday, March 1°, 
Civic Auditorium, T-5B will hear reports fro: \ 
task groups on oil ash corrosion and corrosio ; 
by molten salts and metal. Various problem 
of high temperature corrosion will be dir- 
cussed. 


Unit Committee T-5D, Plastics Material of 
Construction: 9-11 am, Wednesday, March 1°. 
Civic Auditorium. T-5D will hear report 
from task groups on inorganic acids, inorgani 
alkalies, gases, water and salt solutions, or 
ganic chemicals, engineering design, method 
of criteria for evaluating plastics in chemics! 
environment. Results of a questionnaire on us 
and application of plastic materials of con 
struction by the chemical industry will b 
presented. The questionnairs was distribute: 
by the committee in 1955. Data have bee: 
correlated and will be presented to the com 
mittee prior to the meeting. 

Task group on engineering design will out 
line the status of work being done on ; 
standard plastic numbering system. 


Unit Committee T-6A, Organic Coatings and 
Linings for Resistance to Chemical Corrosion: 
9-11 am, Wednesday, March 19, Civic Audi- 
torium. T-6A will hear a tentative report on 
Hypalon coatings, a final report on coal tar 
coatings, a tentative report on phenolic coat- 
ings and a tentative report on polyethylene 
coatings. In addition the committee will hear 
a discussion on uses and application of fluor- 
carbon coatings. Task groups on heavy linings, 
vinyl coatings, vinylidene chloride polymers, 
rubber and elastomer coatings, silicones, fu- 
ranes, epoxys, chlorinated rubbers, organic 
brick covered coatings, rigid vinyls and poly- 
urethanes will be presented. These reports will 
consist of status reports of work being done 
by the task group. 


Unit Committee T-6D, Industrial Mainte- 
nance Painting: 2-4 pm, Thursday, March 20, 
Civic Auditorium. T-6D will hear a final report 
on results of a questionnaire on Plant Painting 
Programs, A preliminary report on economics 
of maintenance painting will be discussed. 
This report is the result of a questionnaire 
distributed by the economics of maintenance 
painting task group to over 700 companies 
in the United States. The task group on the 
standardization of scope of painting specifica- 
tions will present its tentative painting speci- 
fication report, 


Unit Committee T-6F, Protective Interior 
Linings Application and Methods: 9-11:30 am, 
Thursday, March 20, Civic Auditorium. T-6F 
will hear reports from task groups on curing, 
surface preparation, inspection, safety and 
application, 


Unit Committee T-6G, Surface Preparation 
for Organic Coatings and Unit Committee 
T-6R, Protective Coatings Research will hold 
a joint meeting from 9 to 11:30 am, Monday, 
March 17 in the Fairmont Hotel. These com- 
mittees will discuss developments in surface 
preparation techniques and areas of protec- 
tive coating technology not now covered by 
the T-6 committees. 


Group Committee T-7, Corrosion Coordinat- 
ing: 9-11 am, Wednesday, March 19, Civic 
Auditorium. T-7 will hold a round table 
discussion. The philosophy of coordinating 
committee work will be discussed and mem- 
bers from various electrolysis and coordinat- 
ing committees throughout the United States 
are expected to attend to discuss their prob- 
lems with the national NACE Committee. 


Group Committee T-8, Refining Industry 
Corrosion will hold two meetings. The first 
will be from 9 to 11:30 am, Tuesday, March 
18 at the Civie Auditorium, The second will 
be Wednesday, March 19 from 2 to 4:30 pm 
at the Civic Auditorium. Agenda for the T-8 
meeting has not been prepared but it is 
expected the committee will discuss the nap- 
thenie acid corrosion, acid cleaning, high 
temperature and pressure sulfide corrosion 
and other problems facing the refining in- 
dustry today. 

T-8 also will sponsor a round table discus- 
sion as the second part of the refinery indus- 
try symposium. This will be held on the 
morning of Wednesday, March 19 at the Civic 
Auditorium, 


(Continued Page 77) 
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January, 1958 


TECHNICAL COMMITTEE ACTIVITIES 


Sweet Crude Oil Failures May Stress Cracking 


Sulfide Cracking 
Unlikely, Survey 
Results Indicate 


the October, 1957 meeting Okla- 
City T-1F-2 Sweet Crude 
and Sweet Condensate Stress Corrosion 
(racking results some replies 
were presented. Only five 
were canvassed and these 
iree reported failures. all failures 

sweet crude systems were reported. 
Materials involved the failures were 
percent chrome- percent molybde- 
tubing, percent nickel tubing and 

percent nickel tubing. Longitudinal 
and circumferential cracks were 
ported were both inter and trans- 
types cracking. four cases 
definitely were reported 
corrosion cracking and one 
the cause was uncertain. 
ises laboratory attempts reproduce 
were unsuccessful. 

was requested that the task group 
circulate additional questionnaires 
data could accumulated. 


Low Hardness Tubing Fails 

One member the task group re- 
ported that his company had found 
tress corrosion cracking failures 
percent nickel tubing with hardnesses 
densate wells. said one failure oc- 
curred N-80 tubular goods with 
Rockwell “C” hardness 22. This fail- 
ure was initiated straightener roll 
outside tubing. reported 
stress corrosion cracking failure 
sweet condensate well 4340 steel with 
physical properties 105,000 125,000 
vield strength which had been pressure 
tested 10,000 psi prior installation. 

After failure the entire string was 
pressure tested 5,000 psi when 
showed many these joints contained 
severe, highly branched stress corrosion 
cracks. The high branching 
crack was unlike those found sulfide 
corrosion cracking. The wells had 
partial pressure carbon dioxide 
12,000 psi. Cracks occurred deep 
8,000 feet, where the temperature 
high 200 

was questioned whether high 
strength materials could used 
these applications all. This member 
asked other companies were having 
this type failure and such failures 
were not being reported stress cor- 
rosion cracking failures because not 
realized that this type failure oc- 
curring. One member the committee 
thought that high mud was present 
was possible that the failures might 
from caustic embrittlement. Although 
high mud was used drilling the 
well, because mixing and other things 
that might have occurred, the condition 


San Francisco— 
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Group Committee T-9, Marine Biological 
Deterioration: 9-11:30 am, Tuesday, March 18, 
Civic Anditorium, T-9 will devote much of 
the meeting to formal organization of the 
committee’s Unit Committee on Biological 
Aspects and Preservations and Their Appraisal. 
This is the first formal meeting of Group 
Committee T-9 at a NACE Conference. Many 
of the members will be prepared to present 
discussions on various aspects of marine bio- 
logical deterioration. 


the mud during the time the well was 
operation was uncertain. had been 
considered that failures might due 
caustic embrittlement, but the 4340 
steel cracked the inside rather than 
the outside, which would indicate 
that the well fluid and not the mud pro- 
moted cracking. The these well 
fluids with the partial pressure 
present must less than 


Low Hydrogen Factor Important 
Another member asked whether 
was known definitely that these wells 


contained small quantities 
evidence H:S was found copper 
strip tests plants handling the gas. 


was pointed out also that the nature 
the cracking differed from that en- 
countered sulfide corrosion cracking 
that was substantially more 
branched. 

One member said that the time 
failure was delayed considerably low 
rate hydrogen pick the steel 
because the very low hydrogen avail- 
able, branch cracks could expected 
extent much greater than areas 
where the time failure rapid be- 


cause high availability hydrogen 

resulting from the presence hydrogen 

sulfide. Further discussion indicated the 
(Continued Page 78) 


WRIGHT PENECHROMES 


Chromate Organics) 


Proved Cooling Systems for over years 


Safe Ranges* 


Sludge Precipitate 


High Temperature Tolerance 


*Cooling Tower Institute Bulletin WMS-104 
Wood Maintenance for Water-Cooling Towers 


many years experience Wright Engineering has 
developed Wright Penechromes effective answer 
corrosion...if you have common problem, 
write for engineering survey your water using equip- 
ment. comprehensive conditioning program Wright will 


pay big dividends. 


Write your company letterhead for the new Wright 
Cooling Water Calculator—it quickly calculates operational 


data. 


WRIGHT CHEMICAL CORPORATION 


GENERAL OFFICES AND LABORATORY 
619 WEST LAKE STREET, CHICAGO ILLINOIS 
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® Softeners, Filters and other external Treating Equipment 


@ Nelson Chemical Proportioning Pumps 
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ENGINEERS 


Oil Well Metallurgical Programs Discussed T-1F 


Definition Tubing 
Normalizing Said 
Require Revision 


Materials for high 
duction, full-length normalizing upset 
tubing, nickel-molybdenum 
manganese steel sucker rods Western 
Kansas sour oil service, alternate rod 
mixed-string testing effectiveness, case 
hardened sucker rod couplings, normal- 
ized intermediate alloy sucker rods 
sweet corrosive service, 
tigue testing, French steel for sulfide 
stress corrosion, new API and proposed 
high strength steels, 
cracking observation and welding ac- 
cessories high strength casings were 
subjects discussed the Unit Commit- 
tee T-1F Metallurgy meeting held 
Oklahoma City October. 

thermal recovery process produc- 
tion has been found that the flame 
front had reached producing wells 
some instances. Extremely high tem- 
peratures are encountered the down- 
the-hole equipment such wells. Selec- 
tion materials for this service was 
considered concern the com- 
mittee for future work. One member, 
discussing his company’s approach 
the problem, said its work had been 
eration materials which 
satisfactory high temperature service 
and the second 
thermal recovery process methods which 
would eliminate reduce severity 


COKE 
BREEZE 


Backfill for Anodes 


Ideally suited for use with anodes. Has 
high carbon content and comes sizes 
Prices other sizes request. 


National Carbon 
Anodes 


Magnesium Anodes 
Good-All 
Rectifiers 


Wholesale 


Coke Company 


PHONE GARDENDALE, ALA. 
HEmlock 6-3603 


Box 


MT. OLIVE, ALABAMA 


the problem. The still 
having difficulty with the problem how- 
ever, and considers unsolved. 


Serious Problem Indicated 

was indicated the problem could 
well assume serious proportions ther- 
mal recovery production becomes more 
common. Another member pointed out 
that high temperature corrosion prob- 
lems associated with thermal recovery 
was result the process not behaving 
according expectations. Engineers 
concerned with exploring this method 
recovery are continually trying elimi- 
nate unpredicted behaviour. 

The committee decided that the prob- 
lem must more clearly defined before 
any action can taken the T-1F 
committee and that this definition must 
come from companies familiar with the 
process. was agreed the item would 
retained the T-1F agenda for fu- 
ture consideration. 


Better Definition Needed 

discussing full-length normalizing 
upset tubing, desirability 
length normalized tubular goods from 
“ringworm” corrosion standpoint was 
generally accepted. was also pointed 
out that some question has been raised 
tions concerning the heat treatment 
API tubular goods. 

According one member the com- 
mittee the API Standard the 
phraseology “fully heat treated.” Engi- 
neers the oil production industry have 
for some time interpreted this mean 
fully normalized after the upset opera- 
tion. However, report from member 
T-1 indicated some pipe mills in- 
terpret “fully heat treated” mean 
fully heat treated prior the upsetting 
operation. These mills usually normalize 
only the ends tubes after up-setting. 
was pointed out that 
agreed API that the phrase the 
specifications should changed read 
“normalized after up-setting all 
tubular goods and normalize after up- 
setting J-55 tubing, such treatment 
requested the customer.” N-80 
casing non-API product therefore 
full-length normalization casing 
must specified the purchaser. 


“Ringworm” Protection Questioned 

One member the committee ques- 
tioned the validity the conclusion 
“ringworm” corrosion J-55 tubing 
could prevented full-length nor- 
malizing after upsetting. said metal- 
lographic studies J-55 showed cor- 
rosion the juncture the large 
grain the small grain material the 
transition zone. Metallographic 
studies the effects regular nor- 
malizing treatment material that had 
been treated forging temperatures in- 
dicated that homogenity the micro- 
structure was not obtained one regu- 
lar normalizing treatment. had found 
that analysis the latter presented 
statistical study corrosion prob- 
could arranged such fashion 
indicate that the “ringworm” problem 
was not appreciably effected the nor- 
malizing treatment. 

was pointed out also that the 
report the breakdown the strings into 
non-normalized and normalized ques- 
tionable because the author not 
sure how the strings actually were heat 
For this reason, the conclusion 


that “ringworm” corrosion J-55 
ing after full-length normalization was 
not entirely validated the report. 

The Natural Gasoline Association 
America report published the subject 
several years ago did not show 100 
cent solution the “ringworm” 
lem, but did show that its severity was 
reduced sufficiently make 
heat treatment economically 
was pointed out also that 
years inhibition has masked 
corrosion such extent that 
difficult tell what the severity 
inhibitors were used. 


Preferential Corrosion Suspected 

One member the committee saii 
his company has experienced severe ex- 
ternal pit corrosion collars 
strings where upset line pipe was 
used. The collars were J-55 material, 
whereas the pipe was line pipe 
terial. one string collars were 
placed for each joint pipe 
raised the question whether 
there might some preferential cor- 
rosion the higher carbon J-55 ma- 
terial the collar relative that the 
pipe. There had been tendency 
“ringworm” corrosion the pipe even 
though the upset pipe had not been fully 
heat treated. 

One member the committee thought 
the preferential corrosion collars 
usually related turbulence the col- 
lars and the poor microstruc- 
ture characteristic collar materials. 
Another member indicated the 
problem might galvanic corrosion 
between the high and low carbon ma- 
terials involved the collar 
tubing. said that the fluid contained 
small amounts hydrogen sulfide and 
that the corrosion the collars was 
characterized large pits. Most cor- 
rosion the line pipe occured cen- 
ters rather than ends, There was 
evidence attack the upset regions. 


External Collar Corrosion Common 

Another member pointed out that ex- 
ternal corrosion collars was not 
new experience and that external cor- 
rosion collars the anulus space oc- 
curred almost every case where the 
annulus was vapor space. cited one 
instance where all collars 
had been replaced, but not one joint 
pipe. did not know the cause the 
problem but said that, general, where 


(Continued Page 79) 


Sweet Crude 


(Continued From Page 77) 


nature the cracking was striking 
appeared certain different problem 
than sulfide corrosion cracking was in- 

was also noted that when 
lem presented was new appearance 
and origin should considered 
new problem until had been demon- 
strated definitely that ramification 
old problem. One member pointed 
out that the role stress cor- 
rosion cracking was generate hydro- 
gen which, upon diffusion into metal, 
created degree embrittlement. 
his knowledge hydrogen absorption 
occurs environment. pointed 
out that other materials might well 
bringing about the hydrogen absorption 
the environment. 
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January, 1958 COM MITTEE ACTIVITIES 


very little the tubing proper. also 
Oil Well Metallurgy re-emphasized the fact that even though REPORT PLASTIC 
(Continued From Page 78) the tubing was not full-length normal- 
this problem encountered fluid after upsetting, there was evi- MATERIALS COMPILED 


involved. This fact would tend ex- “ringworm” corrosion although 
clude the possibility galvanic action. was obvious that the environment was the meeting Technical 


felt that the problem possibly relates from the condition the col- Unit Committee T-5D Plastic 


condensation fluid the also pointed out that tubing Materials Construction 
March 11, 1957, 


the string was anchored that there 
would very little movement. 


and accumulation condensate 


around the collars. 
member who had presented the The problem full-length normaliza- chairman, announced that data 

said that was not using the upset tubing was retained the from the committee’s field ques- 

bimetallic galvanic action but more with problem external corrosion col- 


concentration cell effect. the vapor space tubing strings 
out that the string was put future T-1F agenda. 


tion the T-5D meeting San 


hole and that the collars did Francisco. T-5D suppliers’ 

ter was running down the string and will distributed April 

one side, but for some reason all the North Central Region NACE meets 1958. 
| 


ack had occurred the collars 1958. 


ENGINEERING DIRECTORY 


Complete 


CATHODIC PROTECTION 


cathodic protection service 


Twenty cathodic protection 


engineers with a combined Systems . . . service for special ap- = 
total over 150 years experi- plications; water tanks and pipe your shield against corrosion 
ence available serve you lines. 


PROVEN EXPERIENCE 
installation, Field Survey, Design 
RECTIFIER SYSTEMS GALVANIC ANODES 

YOU CAN RELY ON RIO ; 


with ABILITY and INTEGRITY. 


4601 Stanford 
BRANCH OFFICES 
Tulsa New Corpus Christi Denver 


‘ 4 Municipal Systems « Barges CORPORATION ON CORROSION PROBLEMS 

Francis Palms Detroit Mich. Narberth, Po. 4-3900 


CORROSION ENGINEERING 
Consulting Surveys 


CATHODIC PROTECTION 
Design Installation 


Plastic Engineering Corp. 
Box 1037 Worth, Tex. 


COMPLETE LONG ESTABLISHED 
CORROSION CONTROL 


VENEZUELA 


Investigations Reports Installations 


SERVICIOS ANTI-CORROSIVOS, 


Apartado 2031 Caracas, Venezuela 


CORROSION SERVICE LIMITED 
Offers CANADA 


Complete Service Corrosion Engineering 
Design and Installation of Cathodic Protection 
Systems. 
_Resistivity and Electrolysis Surveys 
Selection and Application Protective Coatings. 


Dundonald St., Toronto, Canada 


FRANCIS RINGER ASSOCIATES 


Consulting 
Corrosion 
Engineers 

Hampden Ave. MOhawk 4-2863 

NARBERTH (Suburb Phila.) 


SOUTH FLORIDA TEST SERVICE 


Engineers 


Consultants and corrosion, 
weathering and sunlight testing. 


4201 N.W. 7th St. Miami 44, Florida 


Electro Rust-Proofing Corp. 
Division 


WATER SERVICE LABORATORIES, INC. 
Specialists 
Water Treatment 


Advertising this space 
inexpensive way tell more 
than 7500 paid readers all 
over the world about your 
engineering services. Write 
Houston, Texas. 


Cathodic Protection Design 
Plans Specifications 
Electrolysis Control 

Testing 


BELLEVILLE NEW JERSEY 
Atlanta Chicago Dallas Monrovia 


Main Office, 423 126 St., 27, 
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ASSOCIATION CORROSION ENGINEERS 


Chicago Underground 


Corrosion Group 
Elects New Officers 


The Chicago Area Committee 
Underground Corrosion Committee 
NACE Technical Unit Committee T-7B, 
North Central Region Corrosion Coordi- 
nating Committee has re-elected 
Nichols, Northern Illinois Gas Com- 
pany chairman and Svetlik, North- 
ern Indiana Public Service Company, 
vice-chairman for 1958. They have 
since the committee’s inception. 

Fletcher, Illinois Bell 
phone Co. was appointed secretary for 
the same period. 

the committee’s meeting Octo- 
ber, the chairman appointed map com- 
mittee consisting Svetlik, North- 
ern Indiana Public Service Company, 
Kalhauge, Standard Oil Company 
Indiana, Fletcher, Illinois Bell 
Telephone Company and Nichols, 
Northern Illinois Gas Company. 
publicity and publications committee was 
appointed after discussion methods 
enable the committee secure ad- 
vance routing new pipe lines 
constructed their area. was sug- 
gested that this committee publish 
directory the personnel member 
companies who could contacted 
parties constructing new pipe lines 
subsurface structures the area. Per- 


sonnel listed could include those 
interested the existing 
structures from physical damage well 
corrosion. 

was also suggested that forms 


CERTIFICATES 
MEMBERSHIP 
NACE 


Certificates membership the Na- 
tional Association Corrosion Engineers 
will issued request each, 
remittance advance, The certificates, 
which measure inches, are 
signed the president and executive 
secretary the association. 


CERTIFICATES for 
PAST CHAIRMEN 
REGIONS 

and SECTIONS 


size, prepared from engraved plate, 
are available for issuance regional 
and sectional chairmen. They will 
supplied request the region 
section $7.50 each paid the 
region section, the cost classi- 
fied non-reimbursable expenditure. 


Address Orders 
Campbell, Executive Secretary 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


1061 Bldg., Houston Texas 


Louisville Committee 


Affiliates With T-7C 


Gates Gray 


The Louisville 
(Ky). Joint Electro- 
lysis Committee has 

affiliated with 
NACE Technical 
Group Committee 
T-7 Corrosion Coor- 
dinating Committee 
under Unit Commit- 
tee T-7C Southeast 
Region Corrosion 
Coordinating Com- 
mittee. 
The Louisville Committee 
functioning continuously since was 
formed 1924. Present officers are: 
Gates, Southern Bell Tel. 
Tel. Co., Louisville, Kentucky, chair- 
man; John Gray, Louisville Gas 
Electric Co., Louisville, Kentucky, vice- 
chairman; Walter Zell, Louisville Gas 
Electric Co., Louisville, Kentucky, sec- 
retary. 

There now are member companies 
represented the committee. 

Luncheon meetings are held third 
Fridays monthly with visits 
terested persons welcomed. 


Zell 


prepared the committee for protec- 
tive installations notification members 
and notification planned routine and 
joint testing among the members. 
other suggestion was the development 
news letter for publication between 
meetings with each company con- 
tributor. 

new pipe 
lines the Chicago area can save time 
and money availing themselves 
the information compiled this com- 
mittee relative location existing 
lines and present corrosion control sys- 
tems. 

The committee officers requested that 
each member working the job 
preventing corrosion furnish the com- 
mittee with the name the planning 
engineer his company that the 
information, records and aims the 
committee can given full consider- 
ation advance planning new pipe 
lines. 

The map committee requested that 
companies which have original set 
committee maps correct them now 
show all new lines, bonds and rectifier 
installations. This information neces- 
sary order for the map committee 
correct the original tracings 
new copies the map. 

Next meeting will held January 
21, 208 West Washington Street, 
Room 1604, Chicago, 1:30 
p.m. 


Vol. 


San Francisco Area 
Joint Underground 
Committee Affiliates 


The Joint Committee for the prote: 
tion Underground Structures the 
East Bay Cities has affiliated wit 
NACE Technical Group Committee T-7 
Corrosion Coordinating Committee 
der Unit Committee T-7E Western 
gion Corrosion Coordinating 

The Joint Committee for the 
tection Underground Structures 
the East Bay Cities officers are: 
Snead, Bay 
Bridge Toll Plaze, Oakland, Cal., chai 
man; Collins, Pacific 
Telegraph Co., San Francisco, 
chairman; Notley, Key 
Transit Line, Oakland, Cal., secretary- 
treasurer. 


Ray Ditto Elected 
San Diego County Group 


The San Diego County 
Corrosion Committee NACE Tech- 
nical Unit Committee T-7E Western 
Region Corrosion Coordinating Com- 
mittee has elected new officers for 1958 
follows: Ray Ditto, California Water 
Telephone Co., Chula Vista, Cal., 
chairman; Hall, Union Oil Com- 
pany, Brea, Cal., vice-chairman; 
Waters, City San Diego Water De- 
partment, San Diego, Cal., secretary. 


Phenolic Coatings 
Report Circulated 


report phenolic coatings has 
been prepared Task Group T-6A-4 
and circulated Unit Committee T-6A 
members for comment, criticisms and 
suggestions. The report deals with two 
basic types coatings made from 
phenolic resins combined with other 
resins, plasticizers, etc. The two groups 
are: Straight baked type phenolic 
coatings and modified phenolic coatings, 
either baked catalytically cured. 

Included the report summary 
properties, forms available, effect 
compounding, testing and selecting, 
uses, surface preparation and application 
techniques, failures, inspection, proper- 
ties the applied coatings and lining, 
continuous exposure, toxicity and odor 
and chart showing chemical resistance 
phenolic coatings various chemical 
environments ambient temperatures. 

The 1959 15th Annual NACE Confer- 
ence will held Chicago. 

Technical Section published 
190 more pages 1957 than 1956. 


Have You Noted 

The Technical Topics 
Section? 

every issue CORROSION “Tech- 
nical Topics” section published. in- 
cludes timely technical information 


likely interest you. Turn Page 
119 this issue. 
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FORMATION NACE SECTION Havana, Cuba was discussed this meeting Havana. 
Scated the table, left right, Dr. Rudolph Vonkline, Gutierrez Mendive, Sasman, Sasman 
Engineering Co., Miami, Fla. and Rieser. 


Eastern Wisconsin 
Section Elects Witort, 
Walczyk and Haase 


Eastern Wisconsin Section elected of- 
for 1958 its December meet- 
ing. New officers are: Edwin Witort, 
Steel Sales Co. Wisconsin, chairman; 
vice-chairman; Harold Haase, cor- 
rosion consultant, secretary-treasurer. 

Directors elected were Peter, 
Western Hardware Specialty Mfg. 
Co., for one-year term; and 
Westerman, Miller Brewing Co., and 
Quick, Ladish Co., for three-year 
terms. part the business meeting, 
members heard short report sec- 
tion activities. 

The meeting was preceded cock- 
tail hour and buffet dinner where 
members and their 
brief social period. part the 
evening’s program, Bell Telephone 
color movie, “Our Mr. Sun,” 
was presented. The importance the 
sun human welfare was shown. 

the November meeting, section 
heard Schley, manager, 
Technical Service Division, Haynes Stel- 
lite Co., speak “Alloys for Severe 
Corrosion Service.” Mr. Schley traced 
the origin and history the nickel base 
alloys and cited number examples 
where they had been used with good 
results. pointed out that 
the most logical use for these high al- 
loy materials services where the 
life other less expensive materials 
relatively short, where contamination 
from the products corrosion im- 
portant factor. further pointed out 
that these alloys are miracle ma- 
terials, but that they had applied 
with judgment and knowledge cor- 
rosion fundamentals get the best out 
them. 

After interesting discussion period, 
members and guests adjourned 
‘or refreshments. November and De- 
‘ember meetings were held the En- 
Society Building, 3112 High- 
and Blvd., Milwaukee. 


Hungarian Subscriber 
Sends Good News! 


The following reply expiration 
notice was received from CORRO- 
SION subscriber Hungary: 


“Thank you for calling our attention 
the subscription ‘Corrosion Mag- 
azine’. Hereby beg inform you 
that have intention make 
subscription for the year 1958 because 
having already solved the problem 
corrosion.” 


San Joaquin Section 
Plan ‘59 Region Meeting 


San Joaquin Valley Section will have 
principal role the planning and 
conduct the Western Regional Con- 
ference held Bakersfield dur- 
ing November 1959. The matter was 
discussed the November meeting. 

Another project, three-day field trip 
guided tours Valley field installa- 
tions September 1958 also was con- 
sidered. 

NACE Vice-President White- 
neck, Plicoflex, Inc., Los Angeles spoke 
“NACE Looks Ahead.” The charter 
establishing the San Joaquin Valley 
Section was presented formally 
Western Region Chairman Vice- 
Chairman, Magoffin, California 
Water and Telephone Co. and 
Tandy, Standard Oil Co. California, 
respectively. 

The meeting was held Maisson 
Jausaud Restaurant, Bakersfield, with 
members and guests present. 

Inauguration recently elected San 
Joaquin Section officers was 
planned for January, 1958. New officers 
are Robert Davis, Superior Oil Co., 
chairman; Herbert Rose, Superior 
Oil Co., vice-chairman; and Robert 
Kreps, Standard Pipe Line Co. Cal., 
secretary-treasurer. Stark, Pacific 
Gas and Electric Co. past chairman. 


Environment Treating 
Subject for Chicago 
January Meeting 


“Prevention Corrosion Through 
Treatment the Environment,” the 
subject scheduled presentation 
David Boies, National Aluminate Co. 
before January meeting Chi- 
cago Section. 

Fifty-one members and guests were 
present November hear Marshall 
Parker, consultant, speak “Field 
Evaluation Pipe Line Coatings.” Ac- 
cording Mr. Parker, two basic meth- 
ods exist for evaluation coating 
section pipe line: Measurement 
the “conductance remote earth” 
and: Determination the current 
requirements for cathodic protection. 
Neither method is, itself, valid for 
predicting the future performance 
coating. Neither method yields results 
dependent coating alone. Factors 
such soil resistivity, line diameter, 
depth burial, proximity other 
structures and stray currents enter into 
the value obtained. 

Conductance remote earth meas- 
ured determining for section 
line, under temporary partial cathodic 
protection, the following two quantities: 
The total amount cathodic pro- 
tection current flowing the line sec- 
tion, and: The average shift po- 
tential with respect remote earth, 
associated with the current flow. 
many instances, the determination 
the true average potential the diffi- 
cult part the task. 

Current required for 
tection determined similar man- 
ner. Temporary, partial protection 
applied, and the results extrapolated 
complete protection, Mr. Parker con- 
cluded. 

Case histories were discussed and pit- 
falls were brought out the discussion. 
said performance coatings under 
cathodic protection becoming increas- 
ingly important and coating manufac- 
turers are working with 
engineers develop the needed coat- 
ings. 

lively question and answer period 
followed his talk. 

Harold Boone, section vice-chair- 
man introduced Mr. Parker. 


Shreveport Short 
Course Set Feb. 13-14 


Shreveport Section’s 1958 short course 
will held Feb. 13-14 Centenary Col- 
lege, Shreveport, La. Olive, Gen- 
eral Engineering Dept., Arkansas Fuel 
Oil Corp., Shreveport, La., chairman. 

the regular monthly meeting, held 
Dec. the Caddo Hotel, mem- 
bers and guests heard Wade, 
Transcontinental Gas Pipe Line Co., 
Houston, speak “Internal Coatings 
Large Diameter Gas Pipe Lines.” 
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Airplane Check Smog 


Twice day flights Los Angeles 
Air Pollution District airplanes in- 
spect the county for violations smog 
laws and photogr raph violations for sub- 
sequent court action began August 


POSITIONS WANTED 
and 
AVAILABLE 


Active and Junior NACE members and 
Companies seeking employees may fun 
without charge two consecutive advertise- 
ments annually under this heading, not 
over words set point text type. 

Advertisements other specifications will 
charged for $10 column inch. 


Positions Available 


Corrosion Engineer. Graduate Engineer 
with corrosion experience. Responsible 
position regional level. Work involves 
recommending, supervising and evaluat- 
ing programs for corrosion control, pre- 
vention scale and paraffin 
water treatment and related petroleum 
production problems. Salary commen- 
surate with experience. All replies con- 
The Atlantic Refining Com- 
pany, Crude Oil Production 
Industrial Relations Department, 
Dallas, Texas. 


Sales Engineer, Pipeline Ma- 
terials. Growing organization has estab- 
lished Northeastern territory fill. 
Married applicant, residing Northern 
New Jersey New York Metropolitan 
area, given preference. Travel. Salary 
commensurate with 
SION, Box 58-1. 


research and de- 
velopment high strength steels, pre- 
cision castings, heat resisting alloys, 
inert and shielded metal arc and resist- 
ance welding; for research and de- 
velopment materials and processes 
applicable the development cata- 
pult, arresting gear and 
ment. Salaries $4480 $7035 per an- 
num. Write Naval Air Material Center, 
Naval Base, Philadelphia 12, Pa. 


PAINTING ENGINEER 


Opportunity for career employment 
staff department multi-plant fabri- 
cator durable steel products. Em- 
ployment Kansas City, Missouri. Ad- 
vancement merit; complete benefit 
program; attractive compensation plan. 
Company-paid retirement. visualize 
successful applicant having completed 
work for chemical engineering me- 
chanical engineering degree, with 
years practical experience 
lems connected with metal painting and 
coating. This top opportunity for 
capable, qualified engineer who wants 
use fully his coating and engineering 
training and experience. 


Send full particulars confidential 
letter Orval Groves, Employment 
Supervisor, address shown below. 


BUTLER MANUFACTURING 
COMPANY 
7400 East 13th Street 
Kansas City 26, Missouri 


ASSOCIATION CORROSION ENGINEERS 


Whiteneck, Godard, Stegner Elected 


Gribble, McFarland, Wasson Named Board 


tally votes cast 2435 mail ballots received Central 
for officers and directors the National Association 
Engineers shows the following have been elected: 


President, Whiteneck, 


Plicoflex, Inc., Los Angeles, Cal.; 


Vice- president, Godard, Aluminium Laboratories, Ltd., Kingstor, 
Ont.; Treasurer, Stegner, Tennessee Gas Transmission Company, 
Houston. Directors have been named follows: Gribble, Jr, 
Metal Goods Corp., Houston; McFarland, Jr., Hilis-McCanna 
Chicago and Wasson, Smith Corp., Milwaukee. 

Officers’ and directors’ terms begin the last day the 
Annual Conference San Francisco. Officers’ terms are one year while 


directors serve for three. 


Long Active Association 


President-elect Whiteneck has long been active NACE affairs, 
especially Western Region, where has served regional officer. 
currently vice-president the association. His corrosion experi 
ence includes work with the Long Beach, Cal. Harbor Departmeni 
and water departments. presently vice-president and director 


materials research for Plicoflex, Inc. 


Hugh Godard, head the chemi- 
Aluminium Laboratories, 
Ltd., Kingston, Ont. has been active for 
the past years work connected 
with the corrosion behavior alumi- 
num. author many technical 
papers aluminum corrosion, active 
NACE affairs director the 
association and member the 
abstract and technical committees. 
has been chairman the Inter 
Society Corrosion Committee and 
member the Canadian Associate 
Committee Corrosion Research and 
Prevention since its formation 1947, 
among other organizations Canada. 

Stegner, who directs the 
sion control program for Tennessee Gas 
Transmission Company, Houston, 
been active NACE affairs 
director and otherwise being 
elected treasurer for the first time 
1957-58. member other or- 
ganizations the petroleum field con- 
cerned with corrosion control. 

Gribble, Jr., joined Metal Goods 
Corp., Houston after returned from 
military service 1946. now 
Houston district manager his com- 
pany, has held offices Houston Sec- 
tion and has been active management 
conferences. will represent corporate 
members the board. 

some years the design and appli- 
cation corrosion resisting valves 
chemical equipment, secretary and 
technical director 
Company. has been chairman 
Technical T-6A and co- 
chairman of the San Francisco Confer- 
ence technical program committee. 
member and active several 
other organizations concerned with cor- 
rosion control matters. 


Positions Wanted 


Sales Engineer. Graduate engineer, 
years’ experienc 
ations and maintenance—in industrial and 
municipal water and waste treatment and 
corrosion desires sales, marketing and/or 
public relations CORROSION, 


active members the board 
rectors. 

Wasson, who worked for 
years for Milwaukee Gas Specialty 
research, development and design 
controls for the gas 
with his present employer, Smith 
Corp., Milwaukee successively its 
research laboratory and 
director its electrochemical labora- 
tory where his work has been ca- 
thodic protection and related phenom- 
ena. represents corporate members 
the board. 


Two Technical Talks Are 
Given Los Angeles 


removing unwanted metal, and the use 
metallized coatings were the subjects 
discussed two speakers the No- 
vember meeting Los Angeles 
Section. 

Hugh Muller, Chem-Mill Division, 
Turco Products described 
niques the chemical-milling metals 
using controlled corrosion processes. 
This method removing unwanted 
metal finding wide use the aircraft 
and missile industry, said. 

Walter Meyer, president the 
Metco System Contractors Association, 
described the techniques flame spray 
application metallic coatings. 
use metallized coatings combina- 
tion with organic coating materials was 
also covered. 

Each speaker had 30-minute pres- 
entation period, question and answer 
session followed the presentations. 
About members and guests were 
present. 


Uhlig, Massachusetts Institute 
Technology, Cambridge scheduled 
featured technical speaker Feb- 
ruary meeting Montreal Section. 
Jason Waller, Canadair, Ltd., Mont- 
real will speak the March meeting. 

Both meetings are scheduled held 
the Queens Hotel, Montreal. 
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NACE NEWS 


Finally, NO-OX-ID Filler Red seal coat, completes protection 


THIS PIPE YEARS YOUNG 


Twenty-five years ago NO-OX-ID 
combinations sealed this pipe against 
corrosion. Today, after two and one- 
half decades uninterrupted service, 
the pipe good new. 


HOW KNOW THIS? 


Recently, new construction made re- 
location the line necessary. Inspec- 
tion revealed the original NO-OX-ID 
coatings and wrappers had chemi- 


For Long-Term Protection 
Against Pipe Corrosion 


USE THIS COUPON 
FOR MORE INFORMATION 


cally and mechanically stopped mois- 
ture penetration and corrosive attack. 
Not foot pipe was replaced. After 
cleaning and new application 
NO-OX-ID coating-wrapper combi- 
nation, the pipe was lowered in. It’s 
now ready for many more years 
additional service. 

Many leading pipeline companies 
and utilities rely NO-OX-ID com- 
binations for lasting pipeline protec- 


Gentlemen: 


tion. Consult your Dearborn repre- 
sentative next time you move pipe 
lay new lines for the right combina- 
tion meet your soil conditions. 


ADVANTAGES 


Coats more feet per man-hours be- 
cause less material 
hot cold hand, Traveliner 
the mill Requires less equip- 
ment noxious fumes. 


Dearborn Chemical Corporation 
Dept. C-NO, Merchandise Mart Plaza 
Chicago 54, Illinois 


Have Dearborn Pipeline Representative call 


Applying NO-OX-ID over the cleaned surface 
Next, No. NO-OX-IDized wrapper for protection against abrasion 


Biennial 


Short Course Held 


The Biennial Short Course Ca- 
thodic Protection University 
nois was held December 9-13 with the 
cooperation NACE. 

The program for the short course in- 
cluded sessions relating elementary 
and advanced corrosion studies, corro- 
sion mitigation practices, basic electro- 
chemistry, instruments, cathodic protec- 
tion practices, economics, lead cable 
sheaths, equipment and reviews re- 
search status. 

turers were Aschan, Good-All 
Electrical Manufacturing Co., Ogallala, 
Neb.; Burns, Kerr-McGee Oil In- 
dustries, Inc., Wynnewood, 
Douglas, Dow Chemical Co., Midland, 
Mich.; Fair, Jr., Koppers Co., Ve- 
rona, Pa.; Norman Hackerman, Univer- 
Texas, Austin; Hendrickson, 
Minnesota Mining Mfg. Co., Paul, 
Minn.; 

Lowden, Illinois Bell Telephone 
Co., Chicago; Luce, The Duriron 
Dayton, Ohio; Markle, North- 
ern Gas Co., Bellwood; 
Miller, National Carbon Company, Cleve- 
land; Nichols, Northern Gas 
Co.; Parker, consultant, Houston; 
Payton, Commonwealth Edison Co., 
Chicago; Schwerdtfeger, National 
Bureau Standards, Washington; 
Sudrabin, Electro Rust-Proofing Corp., 
Belleville, 

Faculty members participating were: 
Archer, professor electrical en- 
gineering; Bruckner, research pro- 
fessor electrical engineering; 
Hayward, professor electrical engineer- 
ing; Jansson, research assistant 
electrical engineering; Jordan, head, 
department electrical engineering; 
Larson, head, Chemistry Section, State 
Water Survey, Urbana, Litch- 
enberger, research associate 
tems laboratory; Metzger, research 
associate professor metallurgical engi- 
neering; Newton, supervisor, engi- 
neering extension, Division University 
Extension. 


SOME THE approximately registrants 
attending the November 19, 1957 Fall Meet- 
ing Toronto Section are shown. Left right: 
Charles Smith, Corrosion Service, Ltd.; Bert 
Barraclough, Triangle Conduit and Cable 
(Canada) Ltd.; Lance Heverly, Trans-Canada 
Pipe Lines, Ltd.; John Trim, Corrosion Service 
Ltd.; Robert Rhodes, Northern Ontario Natural 
Gas; George Stone, Glidden Co.; Bob Lockwood, 
Trans-Canada Pipe Lines, Ltd. and John Balmer, 
Consumers Gas Co. The meeting heard 
Hambley, Alchem Ltd., speak “Chemical 
Treatment for Corrosion Control Industrial 
Cooling Systems.” described the causes and 
effects corrosion and the importance 
scaling and microbiological growth, methods 
treatment for trouble free operation and 
modern methods corrosion measurement. 
Webster, Corrosion Service Ltd., presented 
the Toronto Section’s annual award 
Hazelton, director the gas technology course 
the Ryerson Institute Technology, Toronto. 
Prizes will awarded yearly for the first and 
second best papers written corrosion 
students the course. 


East Texas Section Elects 
Hustead Chairman 


New officers for East Texas Section, 
elected November are Hustead, 
East Texas Salt Water Disposal Co., 
chairman; Gene Smith, Lone Star 
Steel Co., vice-chairman; Schill- 
ing, Sun Oil Co., secretary; Ike 
Hartsell, Tretolite Co., treasurer and 
James Orchard Nocor Chemical 
Co., trustee. 

Lyle Sheppard addressed the meet- 
ing pipe line discussed 
forces that cause corrosion and the 
methods for controlling it. Mr. Shep- 
pard has spent some years the 
corrosion development and research sec- 
tion Shell Pipe Line Corp., Houston. 

Campbell, executive secretary 
the National Association Corro- 
sion Engineers was visitor and ad- 
dressed the meeting briefly. 

The members and guests present 
enjoyed social hour and dinner 
before the program. 

10-year alphabetical subject 
index covers the years 

The 1959 15th Annual Confer- 
ence will held Chicago. 


Demonstration 
Metallizing Planned 


Los Angeles 


San Diego Section will hear 
and see demonstration metallizing 
January Lawton’s Restaurant, 
Mesa, Cal. 

the November dinner meeting, 
Ian McMaster, San Diego Gas and 
Electric Co. spoke high temperature 
corrosion. described corrosion trou- 
bles and methods used combat them 
three electric generating plants 
his company. 

The plants range from relatively low- 
temperature steam processes. Because 
the use ocean San Diego Bay 
seawater for cooling, additional prob- 
lems have been encountered. Mr. Mc- 
Master said his company proposes 
various treatments the low tempera- 
ture generating plant. 

Officers for 1958 were nominated and 
election ballots scheduled for mailing. 
The nominating committee recom- 
mended Loy Flor, Helix Irrigation 
District for chairman; Kenneth 
Christy, Federal Housing Administra- 
tion for vice-chairman and Reubin 
Tullis, San Diego Water Dept. for 
Don Armbruster, 
San Diego Gas and Electric Co., was 
chairman the nominating committee. 


Shreveport Elects Irish 


Officers elected head Shreveport 
Section during 1958 are Irish, 
Irish Engineering Service chairman; 
Wise, Arkansas-Louisiana Gas Co., 
vice-chairman; Naremore, Ar- 


kansas Fuel Oil Corp., treasurer 


Grady Howell, Tube-Kote, Inc., the 
Sullivan, United Gas 
Pipe Line Co. was elected trustee. 

Noe, Jr., Visco Products Co., Sugar 
Land, Tex. spoke “Emulsion Prob- 
lems Encountered Corrosion Treat- 
ment Wells.” There were members 
and guests present. The section meet: 
regularly the first Tuesday eacl 
month the Caddo Hotel. 
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1957 Perminan Basin 
Over 200 Participate 


John Gannon, Texas Company, Mid- 
land, chairman the Seventh Biennial 
Permian Basin Corrosion Tour said that 
the October 23-25 event was the best 
held far. Plans are being made 
hold even larger tour 1959. 

More than 200 
visiting chartered busses sites where 
oil production equipment was displayed 
for inspection results corrosion 
mitigation could surveyed. Much 
the equipment had been seen earlier 
tour conducted the section. 

During evening sessions following in- 
spection visits, Jack Collins, Continental 
Oil Co, acted moderator for discus- 
ions concerning the equipment inspected. 


New Equipment Seen 
New exhibits which attracted particu- 
lar attention included the experimental 


floating deck installation 
County. This deck foot diam- 
eter 15-foot stock tank was said 
effective reducing vapor space 
corrosion, minimizing tank bottom cor- 
rosion and maintaining the gravity 
the oil. 

Reinforced plastic pipelines were found 
good condition. Low 250-barrel 


Tour Rated Best; 
3-Day Event 


plastic storage tanks the Howard- 
Glasscock Field were inspected. One 
had collapsed recently but other were 
generally good condition except for 
limited seepage through the plastic. 
plant doing cleaning, blasting, inspecting 
and coating pipe was visited and ap- 
plications modified coal tar seen 


Modified Coal Tars Favored 

Epoxy modified coal tar coatings gen- 
erally were found giving good 
service after months’ exposure the 
Southeast Dune 
Field Crane County. 
tank coated with this material Jan- 
uary, 1956 was found excellent 
condition. 

Magnolia Petroleum Company’s pilot 
waterflood the Pegasus Field drew 
close attention. Effective inhibition 
well head corrosion chemicals was 
exhibited were cathodic protection 
water tank and testing equipment 
13,000-foot injection well. 


Cathodic Protection Successful 
Cathodic protection was found 
generally successful treaters, water 
filters and other vessels. 


ENGINEERS 


PERMIAN BASIN TOUR participants are seen 
crawling over, around and into equipment dis- 
played during the October 23-25 Seventh Bi- 
ennial Permian Basin Corrosion Tour sponsored 
NACE Permian Basin Section. Besides the 
equipment shown here, scores other installa- 
tions were inspected and the success corro- 
sion mitigation efforts reviewed. 


Some installations plastic coated 
sucker rods protected 
hibitors also were found good con- 
dition. 

In-place cleaning and coating results 
piping were found satisfactory 
number exhibits inspected the 
Sand Hills and Andrews areas. Cement- 
lined pipe and flumes gunbarrels also 
were found giving good service. 

Other equipment inspected included 
cast iron heating coils, 
tank with aluminum deck and_ nickel 
plated bottom, pipeline inhibitor injec- 
tion systems, asbestos-cement pipe 
salt water disposal systems, submerged 
combustion and other treatment meth- 
ods Gulf Oil Corporation’s North 
Ward Estes waterflood, special corro- 
sion resistant pump parts plastic 
coating tubing water injection wells. 


Corrosion Abstract Punch Card 
Service issued 14,699 cards through 1957. 
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Campbells Are Honored 
Houston Section Members 


Mr. and Mrs. Campbell received 
engraved silver bowl from Houston 
Section NACE expression appre- 
from the members the Decem- 
ber dinner-dance meeting. 

dinner program consist- 
in. illustrated lecture rockets 

Hahn and Clay’s Steel Fabri- 

ing Division. members the 
cket Research and Development So- 
Houston, which Mr. Megow 
technical director, presented data 

society composed local high 

and university students interested 

rocketry. 

\lembers were reminded the sec- 
Corrosion Short Course given 
the University Houston January 

Gilbert, supervisor safety, 
rbide and Carbon Chemicals Co., will 
section’s January meeting. 


Southwestern Ohio Section 
Discuss Cable and Pipe 


New developments underground 
cable and pipe protection will the 
subject technical paper given 
the January meeting the South- 
western Ohio Section. The Cincinnati 
Gas and Electric Co. will 

the November dinner meeting, 
John Frank, corrosion engineer with 
National Distillers and Chemical Corp., 
gave illustrated talk “Corrosion 
Control Distillery Operations.” Cor- 
rosion problems are present all phases 
the process, said, from handling 
ground grains bottling the finished 
product. discussed methods and 
materials used lessen corrosion. 

meeting attracted members 
and guests. Christmas party sched- 
uled for was cancelled because 
facilities were not available. 


NACE NEWS 


Technical Section Format 
Changed This Issue 


Effective with the January, 1958 issue 
CORROSION the style and size 
type used set the Technical Section 
has been changed. The new style uses 
3-column format, essentially the same 
that used for Technical Committee 
Reports during 1957 and the same type 
has been used set the 3-column 
portions CORROSION since Janu- 
ary, 

The change was made economy 
measure because the increasing vol- 
ume technical material being approved 
for publication and offset, 
mounting costs publication which 
have increased steadily every year since 
the publication was founded 1945. The 
change expected permit increasing 
the volume technical material over 
that published 1957 when 852 pages 
appeared the Technical Section while 
keeping printing costs within budget 
allocations. 


Frink Elected Head 
Southeastern Region 


The following officers have been elect- 
serve the Southeast Region for 
1958: Joseph Frink, Florida Power and 
Light Company, chairman; Robert 
Williams, vice-chairman; Jeffares, 
Plantation Pipe Line Company, secre- 
tary-treasurer; and John Paisley, Jr., 
American Tel. Co., Ass’t. secre- 
tary-treasurer. The term John 
West, currently serving director, does 
not expire until 1960. 


Niagara Section Chairman 


Szymanski, Hooker Electro- 
chemical Co., Niagara Falls, N.Y., has 
been elected 1958 chairman Niagara 
Frontier Section. Other officers named 
were Anderson, Carborundum 
Metals, Inc., Akron, N.Y. and Stern, 
Metals Research Laboratories, Union 
Carbide Corp., Niagara Falls, N.Y. 


LIBERTY 


“Eternal Vigilance the Price 


Eternal vigilance not only necessity the maintenance 
political liberty, but equal importance the preservation 


business liberty. 


For the world business peppered with those who would 
foist shoddy and inferior materials and workmanship upon the 
unwary. Those who fall prey unscrupulous suppliers face 


business ruin. 


Over 28-year span, Mayes Bros. has built reputation for 
consistently dependable performance pipe coating and 
wrapping jobs—jobs that are permanent promised. 


Mayes job was ever threat another businessman’s 


liberty. 


“Commonly attributed to Thomas Jefferson, but never supported by document. 


AYES 


HOUSTON, TEXAS 


BROS. 


2-7566 


SECTION 
CALENDAR 


Shreveport Section, Washington- 
Youree Hotel. 

Cleveland Section. Joint meeting 
with The Electrochemical Society. 
LaQue, The International 
Nickel Co., Inc, 

Chicago Section. Use Inhibitors 
the Oil and Chemical Industries. 
New Orleans-Baton Rouge Section. 
Engineers Club, Soto Hotel. 
Southwestern Ohio Section. Under- 
ground Corrosion, Sponsored 
Cincinnati Gas Electric Co. 


Feb. 


Shreveport Section, 
Youree Hotel. 

Cleveland Section. Matthew 
Braidech, National Board Fire 
Underwriters. 

Chicago Section. Properties and Uses 
Epoxy Resins, Howard, 
Shell Chemical Corp. 

New Orleans-Baton Rouge Section. 
Engineer’s Club, Soto Hotel, 
New Orleans. 

Tulsa Section. Mayo Hotel, Tulsa. 
Southwestern Ohio Section, Zions- 
ville, Ind. Corrosion Meters and 
Blowers. 


Washington- 


NATIONAL and REGIONAL 
MEETINGS and 
SHORT COURSES 


1958 


Mar. Annual Conference, 
Civic Auditorium, San Francisco, 
California. 


Oct. 5-8—Northeast Region, Somerset 
Hotel, Boston, Mass. 

Oct. 15-17—North Central Region. Cin- 
cinnati, Ohio. 


Oct. 20-24—South Central Region. New 
Orleans, Roosevelt Hotel. 


1959 
NACE Annual Conference, Sherman 
Hotel, Chicago, 


Oct. 12-15—South Central Region Meet- 
ing, Denver, Col. 


SHORT COURSES 1957 


December 9-13—Biennial Short Course 
Cathodic Protection. University 
Illinois and 


SHORT COURSES 1958 


January 23-24—Houston Section Short 
Course for Pipeliners, University 
Houston. 


Feb. 12-14—Ninth Annual Tulsa Corro- 
sion Short Course for Pipeliners, 
Mayo Hotel, Tulsa, Okla. 


Feb. 13-14—Annual Short Course, 
Shreveport Section. Centenary College, 
Shreveport. 
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More Than 120 Authors 
Technical Papers 
For NACE Conference 


papers more more than 120 authors are being pre- 
pared for presentation during the technical program the NACE 14th 
Conference. The program divided into symposia, essentially 
industrial lines, four round table discussions and three educational 
lectures. the most extensive technical program arranged for any 


NACE meeting far. 


addition the presentation technical papers more than 
meetings NACE technical committees will held. These meetings 
usually consist discussions, but often include presentation tech- 
nical papers contributed the committees. 


The multitude papers necessitates 
triple simultaneous symposia 
sions Wednesday and Thursday morning 
ind triple sessions afternoons; and quin- 
uple sessions Friday morning con- 
‘lude the program. The Friday morning 
includes the two table 
liscussions general corrosion prob- 
ems and underground 


nearly possible under conditions 
effort has been made 
cheduling the program avoid simul- 


taneous presentation related technical 
material. This manifestly cannot com- 
pletely successful because the numer- 
ous topics and meetings involved. 


innovation the San Francisco 
meeting will suspension technical 
symposia during the afternoon Tues- 
day, March 18, everyone may visit 
the concurrent exhibition. 

Technical symposia and committee 
meetings Monday, March will 
held the Fairmont Hotel. All other 


symposia and technical committee meet- 


HISTORICAL NOB HILL, San Francisco, show- 
ing the Mark Hopkins hotel (top center) and 
its left the Fairmont hotel. The large build- 
ing the center the Pacific Union Club, 
rebuilt after the 1906 earthquake and fire. 
Beside Huntington Park. Fronting the club 
and park and running between the Fairmont 
and Mark Hopkins hotels California street 
upon which runs one the city’s cable car 
lines. 

the left rear the photograph are the 
buildings San business district. 


ings will the San Francisco Civic 
Auditorium. 

addition meetings technical 
committees numerous other committees 
and subcommittees will assembled 
conduct the business the association. 
They: include the Inter Society Corro- 
sion Committee, Publication Committee 
and its subcommittee and the several 
standing committees. Meetings the 
board directors will held also. 


The annual general business meeting 
the association will held beginning 
am, Wednesday, March 19. 


Besides all the events indicated 
above there will separate program 
for ladies attending the conference and 
extensive social program. This latter 
includes the annual Fellowship Hour 
underwritten exhibitors and the an- 
nual banquet which the NACE Whit- 
ney and Speller and Young Author 
Awards will presented. 
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Ellis Forcht 


Halbig Troiano 


Corrosion Problems New High Performance 


Airframe and skin corrosion problems will considered during three- 
paper Aircraft Industry Symposium San Francisco. New problems 
created heat from air friction skins; new fabrication techniques 
involving adhesive bonded, brazed and welded assemblies and survey 
corrosion resistance stainless steel airskins are covered. 

One paper considers the hydrogen embrittlement problem associated 
with cadmium plating high strength hardenable steel airframe com- 


ponents. 


Observations on Corrosion Resistance of High 
Strength Stainless Steels for Aircraft John 
. Halbig and O. B. Ellis, Armco Steel Corp., 
Middletown, Ohio. 


Corrusion of Zirconium in Hydrochloric Acid at 
Atmospheric Pressure by W. FE. Kuhn, Car- 
borundum Co. Niagara Falls, N. Y. 

Short term corrosion tests of zirconium sub- 
jected to different surface treatments prior to 
immersion hydrochloric acid 
gest that film formation factors play a dominant 
role its corrosion behavior. Long term tests 
reveal two general types of films, a monoclinic 
zirconium oxide and a face-centered cubic zir- 
conium monohydride. 

Oxide films are subject to failure by “break 
away” mechanism involving formation of inter- 
facial hydride at oxide-metal interface, failure 
time being dependent integrity oxide film. 
Film integrity dependent formation history. 
After “breakaway” rate of loss in boiling 20 
percent hydrochloric acid may range from 3 to 
4.5 mils per year. 


Protective hydride films are black and vary 
widely in degree of protection conferred. Chem- 
ically polished surfaces produce porous hydride 
films which offer little protection, whereas elec- 
trolytically polished specimens produce dense 
resistant films. 

Corrosion mechanisms are described and dis- 
cussed. Photomicrographs of various character- 
istic films are given and discussed. 


Hydrogen Embrittlement of Cadmium Plated 
High Strength Steel by Alexander R. Troiano, 
Case Institute of Technology, Cleveland. 

Various types of electroplated surfaces are em- 

ployed on steel for protection against corrosion. 

With the recent widespread use steels heat 

treated very high strength levels (280,000 psi), 

and cadmium plated for protection, 
arisen a new problem of brittle behavior. Spon- 
taneous brittle delayed failures, apparently asso- 
ciated with the hydrogen of pickling and _plat- 
ing, can occur at loads substantially below those 
that may have been sustained successfully pre- 
viously and in material which shows good duc- 
tility conventional tests. Thus stress 
type of test is of little value. 

An evaluation of the various mechanical tests, 
such as tensile, notch tensile, notch impact, sus- 
tained load, etc., are considered in the light of 


TEST SPOOL PARTS 


Nuts Rods Wire Insulators 
Teflon Tape 


CORROSION TEST SUPPLIES CO. 


Box 4507, Qudubon Station 


Baton Rouge La. 


SERVING CORROSION ENGINEERS AROUND THE WORLD 


ENGINEERS Vol. 


their ability predict behavior. This introduces 
the concept of the static fatigue curve and the 
static endurance limit. 

The action various low temperature tre 
ments designed to “bake out’? the hydrogen wll 
considered terms mechanical data, 
ticularly the static endurance limit, 

considerations the theory delay 
failure will Finally, there will 
cussion of on experiments currently 1 
derway at the Case Institute of Technology, 
signed to minimize the embrittlement produc 
by cadmium plating. 


Observations on Corrosion Resistance of Hi» 
Strength Stainless Steels for Aircraft 
Halbig and Ellis, Armco Steel 
Middletown, Ohio. 
Increased aircraft speeds bring increased 
ating temperatures due to air friction. This |! 
brought a trend to aircraft frame components 
hardenable stainless steels. There are two 
tinct alloy groupings these materials: 
enable chromium grades, including alloy modifi 
tions, and 2. Precipitation hardening steels. 
Compositions and properties some 
alloys are described briefly, Corrosion perfor 
ance of the widely used Armco 17-7 PH p 
cipitation hardening alloy is compared with tl 
other hardenable stainless steels, Data 
presented also for the new precipitation harde.- 
ing stainless alloy Armco 15-7 Mo. 


Corrosion Problems Sandwich Constructions 
Chance Vought Aircraft, Inc., Dallas. 

presented acquaint the reader 
with the history of sandwich constructions in tlie 
airframe industry. Materials and processes em- 
ployed for adhesive bonded, brazed and welded 
assemblies are explained. Problems peculiar 
the airframe industry, concerned with piloted 
aircraft and missiles, are defined with respect to 
environment, logistics, and life span. 

Problems confronting the airframe manufac- 
turer with respect to the mechanism of corro- 
sion of sandwich constructions are explained, 
Influence of such factors as process variables and 
environmental conditions are examined, Data are 
given show the degree protection that can 
expected under laboratory, outdoor exposure 
and service conditions for various pre-bonding 
chemical surface treatments and externally ap- 
plied organic coatings. The questions of how to 
detect the presence of corrosion, what degree 
could tolerated and what repair procedure 
can be utilized are raised and some _ possible 
solutions offered. 

To date, indications are that external meas- 
ures such as paint films or mastic coatings pro- 
vide only temporary relief. The satisfactory solu- 
tion lies within the sandwich construction. 
accomplish it, further investigations with respect 
to metal surface treatments, bonding agents, and 
process variables are required. 


BIOGRAPHIES 


oO. B. ELLIS—Senior Research Engineer, 
Armco Steel Corp., has a BS in chemistry, 1922 
and an MS in physics, 1924 from University 
of Louisville, Ky. He has been in the com- 
pany’s research laboratories since 1932 where 
supervises corrosion 


BRENNAN 1951 has 
been member of the Structural Materials 
Dept., Chance Vought Aircraft, Inc., working 
on bonded structure applications. He has a 
MS in chemical engineering from Rensslaer 
Polytechnic Institute and a BS in chemical 
engineering from Brooklyn Polytechnic Insti- 
tute. has worked also for Socony Vacuum 
Oil Co, and DuPont. 


JOHN Steel Corp., Middle- 
town, Ohio. Now senior research engineer with 
his company, he has been doing corrosion work 
since 1940, except during the war when he 
was with the Corps of Engineers. He presently 
engaged industrial corrosion control work, 
including selection materials and maintenance 
procedures. His numerous activities NACE 
include work on the Editorial Review Sub- 
Committee and numerous technical committees. 
Ife works with ASTM and AISI committees on 
maintenance and cleaning activities. He has a 
BS in chemical engineering from Johns Hopkins 
University, Baltimore. 


ALEXANDER TROIANO—Head, Dept. 
Metallurgical Engineering, Case Institute of 
Technology, Cleveland. Dr. Troiano, active in 
research connected with phase transformations 
in metals, on which he has published some 50 
papers, has a PhD from Harvard Graduate 
School of Engineering Metallurgy. He has been 
instructor Middlesex College, Mass.; 
Harvard University of Notre Dame, Indiana 
and has held his present post at Case since 
1953. His recent work has been in high strength 
steels and titanium alloys. He has _ received 
numerous awards and honors for his work _ in 
metallurgy, including the AIME Hunt Medal, 
ASM Howe medal and active 
sional engineering organizations. 
sultant to many industrial organizations and 
to the U. S. armed forces. 
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Variety Technical Problems Weighed 
Cathodic Protection Symposium Papers 


problems four different cathodic protection situations will 
weighed the papers given during the Cathodic Protection Sym- 
posium San Francisco. One paper tells successful method in- 
inert anode arrays depths 350 feet protect gas pipe 
lines. 

Another paper reviews the solution corrosion problem involving 
pipe line paralleling 4000-volt railway system with its attendant 
ray currents while another paper deals with protection compressor 
‘ation piping high resistivity soil. 

fourth paper weighs the relative merits silicon versus selenium 
for cathodic protection circuits. 


Engineering 
PLUS... 


Keeps 
Tank Interiors 
Corrosion Free 


Tatum Wilson 


BIOGRAPHIES Practical Cost 


PEARCE R. BUTTERFIFLD—Since January 
1952 he has been occupied at Transcontinental 
Gas Pipe Line Corp., Houston on problems 
associated with internal and external corrosion 
problems. He has a BS in civil engineering 
from University of Kansas and was employed 


ABSTRACTS 


Protection of Compressor Station Piping in 
High Resistivity Soil by Pearce R. Butter- 
field, Transcontinental Gas Company, Houston. 

Experience gained in_ cathodic protection of 
underground piping of 12 compressor stations 
in high resistant soils is discussed. Soil resist- 
ance from station station varied from 25,000 
ohms/cm? to 85,000 ohms/cm’. Extensive copper 
grounding systems intensified the corrosion prob- 
lem before application of cathodic protection 
and caused many_ spurious pipe-to-soil measure- 
ments. A comparison of the amount of current 
required for protection from a remote ground- 
bed versus a distributed system within the plant 
is given for three stations. Geometric layout of 
both distributed and remote groundbeds is dis- 
cussed. Construction costs each type 
groundbed are compared and the inherent opera- 
tional faults explained. 


Cathodic Protection Pipe Line Paralleling 
a 4000-Volt DC Railway System by E. 


(Continued Page 99) 


One of the five municipal tanks serving the 
City of Jacksonville, Fla. which has been cath- 
odically protected by E.R.P. system since 1942. 


The City Jacksonville, Fla. has relied engineering plus from 


Phillips Petroleum Co. from his graduation Electro Rust-Proofing Corp. since 1942 protect water storage tanks 

serving the city. Since installation cathodic protection, tanks have 
with construction gas transmission system. been virtually corrosion free the under water surfaces and main- 


Continental Pipe Line Co., he joined the com- 
pany at Ponca City, Okla. in 1952 after gradua- 
tion from Kansas State College, Manhattan with 
staff, design and construction engineer on 
several pipe line, station and terminal projects. 


JOE F. TATUM—Corrosion engineer with Wil- 
mut Gas and Oil Co., Hattiesburg, Miss. After 
from Vanderbilt University 
electronics major 1945, was 
employed Westinghouse Electric Corp. 


E.R.P. engineering plus means cathodic protection systems 
designed meet your needs... 
maintained your benefit... 
priced your profit... 


E.R.P. provides engineering plus meet any corrosion problem 
submerged buried metals. For full information cathodic protec- 


East Pittsburgh and Sharon, Pa. manu- tion for your water storage tanks, water treatment structures and 


acturing engineer. In 1947 he was employed 
Wilnut measurement engineer ; pipelines, write for bulletin E-42. 
dene considerable work protecting bare dis- 

tribution systems cathodically and holds several 
patents relating pressure control, heating 
quipment and plugging devices. 
number technical organizations, including 
NACE he is a registered Mississippi professional 
ngineer and does a limited amount of con- 
ulting work. 


DON P. WILSON—President of Lester Equip- 
lent Mfg. Co., Inc., he became active in the 


(Continued Page 99) 


ELECTRO RUST-PROOFING CORP. 


A SUBSIDIARY OF WALLACE & TIERNAN INC. 


30 MAIN STREET, BELLEVILLE 9.,NEW JERSEY 
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CORROSION 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


Chemical Industry Papers Consider Some 
Problems Related Reactors, Rockets 


Technical information heavily weighted the corrosion problems as- 
sociated with nuclear reactors and violently corrosive environments will 
presented 12-paper Chemical Industry Symposium San Fran- 
cisco. Papers the corrosion resistant properties zirconium, titanium, 
columbium and molybdenum will given along with papers dealing 
with such subjects hydrogen peroxide corrosion, structural alloys 
nuclear reactor cooling systems, materials for hydrochloric nitric 
acid service, lead acid brick construction, inorganic cement for sulfuric 


acid service and others. 


This the largest chemical industry symposium given 


NACE national conference. 


ABSTRACTS 


Materials for Concentrated Service 
John J. Nowack, Charles W. Raleigh Food 
Machinery and Chemical Corp. and Ralph 
Bloom, Jr., Becco Chemical Division. 

Reference data for use of chemical and rocket 
industries are presented. Fourteen years’ ex- 
perience in selecting, testing evaluating 
metals and alloys, plastics, synthetic oils and 
greases and miscellaneous materials when ex- 
posed to 90 and 98 percent by weight H2O2 are 
described and discussed. 

Considered are corrosion problems peculiar to 
materials. service classifications of materials, 
criteria for classifications, discussion of expe- 
rience on classifications, tables and results of 
and compatibility tests, results and 
problems areas that still remain. alphabetical 
classification all materials tested included. 


Corrosion Properties of Ta, Cb, Mo and W by 
Clifford A Homnel, F ansteel Metallurgical 
Corp., North Chicago, 

Corrosion res'stant properties of tantalum, co- 
lumbium, molybedenum and tungsten as ‘they 
are affected by the nature of the corrosive me- 
dium, its concentration and temperature are pre- 
sented. Tantalum is resistant to all acids except 
hydrofluoric and free SOs at normal industrial 
temperatures, but it is attacked by strong al- 
kalies at room temperature. Resistance to gases 
depends temperature. 

Columbium generally than 
tantalum all media. Molybdenum shows good 
resistance non-oxiding acids and 
lutions over a wide range of temperatures and 
concentrations and is attacked only slightly by 
hydrofluoric acid. 

Tungsten’s resistance to acids is equal to or 
better than that of molybdenum. All four metals 
are extremely resistant to liqiud metals at high 
temperatures. Structural and fabrication limita- 
tions each are discussed and useful applica- 
tions indicated. 


Corrosion Problems Associated With Uranium 
Refining by F. H. Meyer, F. J. Podlipec and 
T. R. Kato, National Lead Co. of Ohio. 

This paper summarizes some of the special cor- 

rosion problems associated with the production 

uranium metal from ore concentrates. After 
describing processing conditions 
materials of construction, corrosion rates and 
effects are related to a) variable ore composi- 

tion, b) alternate materials of construction, c) 

variable operating conditions, and d) mainte- 

nance of product purity. 

Changes made in the processing system and 
materials of construction necessitated by the 
severity of corrosion are discussed. 


The basic refining process is described and 
the performance of presently used and alternate 
materials of construction are compared. 


Lead-Acid Brick Construction Mul- 
larkey, Lead Industries Association, New 
York. 

Lead-acid brick construction is able to meet a 
complex variety of conditions that usually can- 
not be met in any other way. New test meth- 
ods promote better quality and leak detection, 
once a serious problem, is now accomplished 
with the latest techniques involving isotopes 
and by other methods. 

Two novel and informative examples of this 
kind of construction are given. 

Conditions which lead to the selection of lead- 
aid brick construction are: 

1. High temperatures. Lead-brick construc- 
tion is used frequently where temperatures are 

2. High pressures and vacuum. Certain acid 
recovery units are brick and lead lined and 
operate under vacuums as low as 0.25-inch Hg 
at about 260 F. 

3. Abrasion and erosion. Brickwork reduces 
the scouring effect of violent agitation found, 
for example, in sulfuric acid concentrators. 

Thermal insulation. Essentially eliminates 
heat loss and excessive temperature fluctuation 
often encountered under rapidly fluctuating 
time-temperature cycles. 

5. Substantial cost savings. Corrosion resist- 
ant masonry construction can be depreciated 
over a long period of years, 15 years being not 
uncommon. Cost of new construction is consid- 
erably reduced the scrap value lead, and 

Corrosion. Brick and lead perform very ef- 
fectively over the range sulfuric acid, alum 
and acid-alum concentrations, etc. and where 
various organic impurities are encountered. 


A New Inorganic Cement Mortar for Sulfuric 
Acid Service by Robert S. Mercer, Pennsalt 
Chemicals Corp., Philadelphia. 

cally inert solid filler containing 
setting agent and a liquid sodium or potassium 
silicate binder have been used for many years 
in acid-proof construction for high temperature, 
strong acid service. While silicate cements have 
performed well under unusually rigorous condi- 
tions, they are not without their shortcomings 
sulfuric acid service. Construction 
result from breakdown the setting agent and 
hydrate or alum formation. 

A promising new material of construction, a 
silica cement mortar has been developed which 
overcomes the shortcomings of silicate cements. 
The binder is a silica sol instead of a solution 
rd a sodium or potassium silicate which is alka- 
line. The setting agent permits an orderly gela- 


(Continued Page 99) 


Mullarkey 


Teeple 


BIOGRAPHIES 


W. E. KUHN—Senior Engineer directing ac- 
tivities of Metallurgy Section, Research and 
Development Div., The Carborundum Company. 
His activities include research and development 
connection with production zirconium and 
on the high intensity arc and more recently 
electric furnace practice. He was employed 
formerl By Titanium Alloy Division, National 
Lead Niagara Falls, N. Y. At Ontario 
Foundation, Toronto, Ontario he 
worked on powder metallurgy techniques appli- 
cable to titanium. He_ received the Young 
Author’s Prize of the Electrochemical Society 
1953 for his papers are melting reac- 
tive metals. He has a_ BSc in metallurgical 
engineering from University of Toronto and is a 
member of numerous engine ering organizations, 
including NACE. 


W. D. MANLY—Metallurgist at Oak Ridge 
National Laboratories, where he does research 
on high temperature materials used in atomic 
lurgy from University of Notre Dame. He be- 
longs to several engineering organizations in- 
cluding NACE and is a frequent contributor 
of technical material on his engineering spe- 
cialty. He is active on NACE technical com- 
mittees, 


ROBERT MERCER—Group Leader, Tech- 
nical Division Laboratory, Pennsalt Chemicals 
Corp., Philadelphia, he has a BS _ in_ chemical 
engineering, Drexel Institute. He is active 
in NACE as an officer of Philadelphia Section 
and works in technical committees A-5, 6A, 
6K and 6R. He also is a member of ASTM 
and SPI. 


FRED MEYER, JR.—Head the Corro- 
sion Section, National Lead Company Ohio, 
U. §S. Atomic Energy Commission Fernald 
Project, he has a 1949 BS in chemistry from 
University of Cincinnati. He started work for 
his present employer in 1952 and has been 
in. charre of corrosion work since 1953. His 
principal activities are connection with prob- 
lems involved refining uranium from ore 
concentrates and application 
sistant materials of construction. He has been 
active in NACE technical committee work and 
presently is vice-chairman of T5A-5. 


EDWARD J. MULLARKEY—Technical direc- 
tor of Lead Industries Association, he has a 
from New York University. concerned 
with application of lead to all phases of chemi- 
cal construction and is a member of numerous 
engineering organizations, including NACE. 


TEEPLE—General secretary the Tech 
nical Association the Pulp and Paper 
dustry Engineering Division and a member of 
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Palmer Richardson 


Newer Plastic Systems for Severe Service 
Emphasized Protective Coatings Papers 


the newer plastic coatings for use severe environments 
during the Protective Coatings Symposium given San Francisco 
March. Two the papers discuss problems offshore drilling struc- 
and another considers effect anchor pattern profile paint 


survey the use coatings the chemical industry and review 
wash primers and their advantages well presentation tech- 
for applying fluorinated plastic coatings also will given. 


Anchor Pattern Profile and Its Effect Paint 
Performance, Joseph Bigos, U. S. Steel Corp., 
Monroeville, Pa. 

Techniques are described for measurement of 
the anchor pattern profile of cleaned surfaces. 
of the cleaning techniques on surface 
roughness is described. Blast cleaning with high 
density, large particles 
rough surfaces. Tests with paint were made 
on steel with a wide variety of anchor patterns 
and surprisingly, anchor pattern profile was 
found to have only limited effect on corrosion 
protection afforded by paint in atmospheric 


Internal Coating Pipe Robert John- 

son, Coast Paint and Lacquer Co., Houston. 
Data gathered in field research and in NACE 
committee work indicates definite trends in de- 
velopment of interior coatings for pipelines. No 
coating has been accepted as suitable for flow 
lines, gathering systems, salt water disposal lines 
and oil and gas well tubing. 

Baked phenolics and epoxy-phenolics are fa- 
vored, with baked phenolics having ten years of 
proved success and epoxy-phenolics three. Air 
dried coatings are being used extensively coat 
lines in place, Interior lining of gas transmis- 
sion pipe has increased, with mill, yard and 
tield applied air dried coatings having up to four 
years of success. 

Gas transmission companies use interior coat- 
ings protect stored pipe expectation 
increased through-put, figures on which are now 
coming to light. 


Painting for Corrosion Protection in Offshore 
Oil and Marine Service, Warren D. Palmer, 
Protective Coating Engineering and Inspection 
Service, Houston. 

Exposures and corrosion control oil drill- 

ing and production equipment the Gulf 

Mexico are discussed. Importance proper 

evaluation corrosion control 

stressed, including effectiveness of coating sys- 
tems and application procedures. 

Scheduling of surface preparation and coating 
of structures in yards and offshore are consid- 
ered together with some costs. Importance of 
juality control, especially what is termed “indus- 
trial painting stressed. 


Though costs may seem high, presently used 
systems in the Gulf are having an increasingly 
long life, ranging from seven to as long as 20 
years, It is estimated that 20-year programs cost 
one half or less of the original cost of the 
installation. 


Protective Coatings for Offshore Drilling Struc- 
tures John Richardson and Mun- 
ger, Amercoat Corp., South Gate, Cal. 

Coatings used on offshore structures are con- 

sidered by vehicle types, with advantages and 

lisadvantages of each described. Coatings dis- 
include chlorinated rubber, vinyls, vinyl 
mastics, epoxies and inorganic zinc silicates. 

Some case histories are given, with 

‘olor slides. 


A Discussion of the Present Day Art of Sand- 
blasting by H. T. Rudolf, Atlantic Coatings 
Co., Jacksonville, Fila. 

Use and effect air sandblasting detailed 

in terms of efficiency, velocity, temperature, 

pressure and field measurement. Use and differ- 
ences among various types of blasting equip- 
ment is discussed with detailed reference to 
sandpots, hoses, nozzles, couplings and air com- 


(Continued Page 99) 


Rudolf Whiting 


BIOGRAPHIES 


JOSEPH BIGOS—Since January 1957 
has been with applied Research Laboratory, 
United States Steel Corp., Monroeville, Pa. as 
head of its organic coatings section. He now 
concerning maintenance painting, research on 
organic coatings production, on linings, con- 
tainers and _ metallic coatings. He has a_BS, 
and PhD degrees from University Pitts- 
burgh. With the Army 1940-46 worked 
ship repair and marine work. From_ 1946 
through 1951 he taught chemical engineering at 
University of Pittsburgh, was a_ consulting 
chemical engineer 1949-50 and 1951-56 was sen- 
ior fellow of Mellon Institute and director of 
research for Steel Structures Painting Council. 
Among other engineering groups he belongs 


ROBERT M. JOHNSON—Of more than I1 
rears spent in corrosion control work, he has 
een with Coast Paint & Lacquer Co., Houston 
more than seven years working on formulation, 
control and research on all kinds of coatings. 


manufacturing and research for Amercoat Corp., 
South Gate, Cal. He has been affiliated with 
American Pipe and Construction Company and 
Amercoat since 1935, starting corrosion research 
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BISONITE'S #957 
COATING SYSTEN 


for Superior Corrosion Control 


COATINGS 


CORROSION REPORT 
Material 
Acid 
Alkali 
Solvent 


BISONITE “957” 


Resistance 
Excellent Good Poor 


prevent Corrosion and Contamination 


Food Products 


Salts 


Heavy Chemicals 
Oils and Greases 


Beverages 
Hot Water 


Solvents 


thermally cured coating that resists acids, solvents and alkalis 


@ Permanent adhesion. 

© Withstands 72% caustic at 130°C. 
for prolonged periods. 

Glazed surface. 

Greater thickness fewer coats. 
Reduces cost. 

NEW Advance the field 
applied coatings. 


© Applied by qualified applicators 
the nation. 


5 AS BUFFALO 


Solves many problems of chemical corrosion. For lining tanks, 
tank cars, pipes, food containers, storage bins, fans, ducts, 
hoods, etc. moderate cost. Made company specializing 
in corrosion resistant coatings. Not a side line. BISONITE 
products many cases have corrected conditions when other 
have failed. Write for descriptive literature. 
nearest approved applicator will glad give your coating 
problems immediate attention. 


BISONITE COMPANY, Inc. 


2242 Military Road 
Buffalo 17, N.Y. 


q 
q 
| 
| 


Andrews Caplan Cohen 


Choice Materials for High Temperature 
Service Covered Diversified Papers 


The extent which the growing use high temperature methods and 
processes has affected choice construction materials reflected the 
papers given during the Elevated Temperature Symposium San 
Francisco. Three papers deal with problems with nickel-bearing steels 

while fourth discusses the effect molten boron oxide materials. 
Boron use has increased rapidly military and industrial ap- 


Spee. Laboratory tests showed that when materials 
with less than percent chromium content were 
duced under which there was some internal oxi- 
pees dation. Increased chromium, however, reduced the 
f Some Experiments on Internal “Green Rot” attack in air to a low rate. Several unsuccessful 
eo Oxidation of Nickel-Chromium Alloys by attempts to produce internal attack in high chro- 

Copson and Lang, The International mium alloys are described. 
Nickel Co., Inc. New York. It was found that exposure to carbon monoxide 
Green defined and illustrated examples 1750 caused rapid simultaneous carburiza- 
from This rather rare deep internal tion and internal oxidation 


dation of nickel-chromium alloys sometimes is ni 1 alloys, but that iditi ea 1 silicc 
A 7S a s 
ace’ mpanied by deeper carburization or sulfida- mium alloys, bu hat addition of iron and silicon 


tion, but other cases these features appear slowed the attack and addition columbium 
be absent titanium stopped it completely. Comments are 


Quoth Sir Galva-Knight: 


Nothing Less Than 
PROTECTION 
Good Enough! 


And “Ye Very Beste” 


protection for iron and steel items 
from nuts and bolts H-beams 
hot-dip galvanizing the 
Nowery Smith Co., the 
largest commercial galvanizing 


company. 


COMPANY 


Commercial Galvanizing 


8000 Hempstead Hwy. UNderwood 9-1425 
P.O. Box 7398 Houston Texas 
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Lang Roller 


BIOGRAPHIES 


visor, Special Projects Div., University of 
Dayton Research Center. has 
University Dayton, 1951, and has been 
the university’s research center for five years. 
He worked for two years on development of 
temperature and stress measuring techniques 

for aircraft structures exposed to nuclear det- 
onations and has been involved testing 
special purpose materials for air weapon ap- 
plications. He designed and is directing opera- 
tion the special high temperature corrosion 
test fixture described his paper. 


DONALD CAPLAN—In the corrosion lab- 
oratory the National Research Council 
Canada his principal interests have been corro- 
sion of stainless steels, scaling of metals and 
corrosion freeze solutions. has 
Bsc and Msc from Queen’s University, King- 
ston and a PhD in _ metallurgy, Rensselaer 
Polytechnic Institute, 1956. 


chemist at a battery manufacturing plant, he 
joined National Research Council of Canada, 
Ottawa. He has been head of the Corrosion 
Section, Division Applied Chemistry since 
1946. has PhD from University To- 
ronto, 1939 and has authored numerous articles 
corrosion aqueous solutions and high 
temperature oxidation. 


FRANCES LANG—With International 
Nickel Co., Inc., since 1951, she has a PhD 
in physical chemistry, New York University, 
1952. She is research chemist, Corrosion Sec- 
tion, Research Laboratory, Bayonne, N. 


DAVID ROLLER—Project Engineer, Wright 
Air Development Center, Materials Laboratory, 
Wright-Patterson AFB, Ohio. He has a BS, 
chemistry from Massachusetts Institute 
nology, 1950 and has worked for Freeport 
Sulphur Company on problems associated with 
nickel-cobalt ores. His work with the air force 
has been principally in the corrosion field. 
Among other engineering organizations, he be- 
longs to NACE 


WILLIAM LECHNICK 

neer the Corrosion Group, Nuclear Division, 
The Martin Company since January, 1957, Mr. 
Lechnik formerly worked the chemical engi- 
neering division, Argonne National Laboratory 
where he became familiar with corrosion prob- 
lems encountered in working with fluorine com- 
pounds. [Tle has a MS in chemistry, 1952, 
Aurora College. 


made about mechanisms, but further investigation 
needed, 


Corrosion Resistance of Nickel-Bearing Steels 
to High Temperature Lead by William Lech- 
nick, Nuclear Dept., The Martin Co., Balti- 
more, Md. 

Corrosion resistance of nickel- bearing steels to 

lead at 1400-1500 F was enhanced when nickel 

and zirconium were added to the lead. Materials 
were tested under static conditions for 340 to 

5252 hours. 

A description is given of test procedures and 
methods used to purify lead. Data on corrosion 
rates with and without inhibitors are presented. 
Included are results of microscopic examination 
of tested specimens, 


High Temperature Oxidation of Chromium- 
Nickel Steels by D. Caplan and M. Cohen, 
National Research Council of Canada, Ottowa. 

Scaling of austenitic stainless steels in air at 

1600 to 2000 F has been investigated by deter- 

mining weight increase with time. Curves show 

repeated periods rapid oxidation. Metallo 
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Aziz Copson 


Educational Lectures 
Cover Design and 
Corrosion Reactions 


Mechanisms corrosion ferrous and 
metals, always subjects 
interest, will covered during 
ove the three educational lectures 
presented during the 14th Annual 
Also scheduled are lectures design 
interpretation atmospheric cor- 
rosion experiments and review the 
problems involved deterioration 
niaterials polluted atmospheres. 


Educational lectures have been among 
tlle best attended sessions during NACE 
technical programs. All speakers have 
had long experience their subjects. 


Deterioration Materials Polluted Atmos- 
pheres by John E, Yocum, Bay Area Pollu- 
tion Control District. 

A brief summary of the chemical and physical 

aspects of polluted atmospheres. More spe- 

cifically data the detrimental effects air 
pollutants on materials other than living tissue. 

In addition to corrosion of metallic surfaces, 

physical and chemical principles involved in 

damage to such materials as paint, glass, stone, 
rubber and fibers man-made air contaminants 
are discussed. 


Mechanisms by Which Ferrous Metals Cor- 
rode the Atmosphere Larrabee, 
Applied Research Laboratory, United States 
Steel Corp., Monroeville, Pa. 

The electrochemical theory of corrosion, by 
which the corrosion of steels in solutions is 
readily explained, also can used explain 
the start of atmospheric corrosion on ferrous 
surfaces. The effect of contaminants both in 
the atmosphere and on the steel surface is 
described. Experiments leading to this conclu- 
sion are illustrated. 


The part played various alloying elements 
in retarding atmospheric corrosion, once a rust 
film is formed, will be discussed. The reasons 
that certain elements not permit the rust 
films to become protective also will be dis- 
cussed. 


Mechanisms Which Non-Ferreus Metals Cor- 
rode the Atmosphere Aziz and 
Hugh P. Godard, Aluminium Laboratories, 
Lt. Kingston, Ont. 

Literature dealing with the mechanism by which 
non-ferrous metals corrode in the atmosphere is 
reviewed, particular emphasis being given to the 
important series of papers published by W. H. J. 
Vernon and his co-workers from 1923 to the 
present. Influence of common atmospheric con- 
stituents discussed and related the chem- 
ical composition and properties of the corrosion 
produced film formed. Influence of these on the 
atmospheric corrosion rate is discussed also 
in relation to the nature of the corrosive at- 
mosphere. Atmospheric corrosion of aluminum, 
brass, copper, lead and discussed. 


Principles and Procedures Employed Design 
and Interpretation of Atmospheric Corrosion 
Experiments by H. R. Copson, International 
Nickel Co., Inc., Bayonne, N. 


Larrabee 


BIOGRAPHIES 


basic research on the corrosion mechanisms of 
aluminum on which he has published six papers. 
He holds a BASc in chemical engineering an 

MA and PhD degrees in physical chemistry 
from the University of Toronto where he studied 
surface tension in aqueous sulfuric acid solu- 
tions and transference phenomena in molten 
salts. He has been on the staff of Aluminium 
Laboratories, Ltd., Kingston, Ont. since 1949. 
spent year University Chicago de- 
veloping a radiotracer technique for identifying 
cathodic sites on aluminum surfaces. He was 
the recipient of the 1945 NACE Junior Award 
for the best corrosion paper published COR- 
ROSLON by an author under 35 years of age 


HARRY R. COPSON—Head of the Corrosion 
Section, Research Laboratory, The International 
Nickel Co., Inc., Bayonne, N. J. he has been 
active engineering associations for many 
years organizing and managing corrosion 
control work. He is a member of many tech- 
nical committees, has authored numerous papers 
and has PhD from Yale University, 1932. 


president of the National Association of Corro- 
sion Engineers, he has been active in NACE 
for several years as organizer of Canadian 
region and a member of the board of directors 
while doing research principally on the corrosion 
several Canadian technical organizations. He 
has a PhD from McGill University and is 
author of several papers, principally on funda- 
mental corrosion reactions. He has been with 
Aluminium Laboratories, Ltd., Kingston, Ont. 
since 1945, 


Cc. P. LARRABEE—Formerly chairman of the 
Technical Practices Committee of the National 
Association Corrosion Engineers, member 
the board directors and 
association in numerous other ways, Mr. Lar- 
rabee has spent mre than 20 years in charge 
of corrosion work in the Research and Devel- 
opment Laboratory of The United States Steel 
Corp., Monroeville, Pa. A graduate of the Uni- 
versity of Maine, he spent 10 years with the 
National Bureau of Standards before joining 
United States Steel. frequent contribu- 
tor technical material corrosion reactions. 


JOHN E, YOCUM—Director of Technical 
Services, Bay Area Air Pollution Control Dis- 
trict. He has a BSc, Massachusetts Institute 
of Technology, 1947, and for nearly 10 years 
worked at Battelle Institute as a project leader 
in charge of air pollution field surveys, design- 
ing air pollution abatement equipment and de- 
veloping instruments to measure pollution. He 
presently is setting up a laboratory for the 
district. 
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PVC HARD RUBBER 
PIPE, FITTINGS VALVES 
sizes to 8’, tem- 
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Alexander Bomberger 


LaQue Maersch 


NATIONAL ASSOCIATION 


Forgeson 


Reznek Southwell 


General Symposium Topics Include Steel 
For Marine Service, Tank Trucks, Stress 


Diversity subject matter characterizes the papers given dur- 
ing the General Corrosion Symposium San Francisco. Subjects include 
steel for marine service, sigma phase effects stainless steels, titanium, 
stress corrosion aluminum bronze, metals tropical environments, 


influence temperature 


aluminum, corrosion problems associated 


with tank trucks, ductile iron and tin plated steel pickling tests. 

The stature the authors these papers, well their subject 
matter sure attract heavy attendance. This symposium the NACE 
Conference technical program has been popular every year. 


Corrosion Problems of Tank Truck Transporta- 
tion by Louis Reznek, National Tank Truck 
Carriers, Inc., Washington, D. C. 

Corrosion problems of the for-hire tank truck 
industry in its operation of about 26,500 tank 
vehicles is covered. General types of vehicles 
are described and shown in illustrations includ- 
ing tanks for transporting flammable and cor- 
rosive liquids and compressed gases. Materials 
of construction discussed include various types 
steel, aluminum. Coatings these materials 
are considered. 

Tanks are being used now to transport over 
500 commodities at wide ranges of temperature, 
viscosity and corrosiveness. A brief outline of 
these commodities given. 


Discussed also are conditions of tank truck 
operation which affect corrosion rates, especially 
those the at differ from those of fixed plant oper- 
Included are: Large percentage empty 

“time,” wide variety of products transported in 
one tank, effect of prior products in combina- 
tion with present product and methods of clean- 
ing on corrosion, inability to clean at time of 
unloadi: and problems of contamination of 
product slight degrees corrosion. 


Also discussed are eight recent corrosion 
problems ranging from the transportation of 
wine and hydrofluosilicic acid to the effect of 
brine solutions on city streets on aluminum 
tanks with steel under-carriages. 

The industry’s methods of attacking its cor- 
rosion problems by selecting materials, linings, 
using sprays, cleaning methods and correct de- 
sign are also discussed. 


Corrosion Resistance Characteristics of Ductile 
Iron by F. L. LaQue, The International 
Nickel Co., Inc., New York, N. Y. 

The internal structure of ordinary grey iron, 

pearlitic ductile iron, ferritic ductile iron, malle- 


able iron and mild steel are compared. Differ- 
ences the amount carbon present and 
the form in which it occurs are responsible for 
some differences in the corrosion behavior of 
these materials. This is explained on the basis 
of the electrochemical reactions which occur 
during corrosion. As corrosion proceeds, the 
graphite which is present in the cast materials 
may accumulate as a graphitic layer on the sur- 
face. The adherence and permeability of such 
graphitic layers and their influence 
quent corrosion and on galvanic behavior are 
discussed. Corrosion data in acids, in neutral 
and alkaline solutions, in sea water, in the 
atmosphere and underground, in miscellaneous 
environments and under conditions involving 
erosion are presented and interpreted in the 
light of the principles outlined above. By and 
large, it is concluded that ductile iron has sat- 
isfactory corrosion resisting properties which 
permit its use where grey iron, malleable iron 
or steel are regularly employed. 


Factors Influencing the Rate-of-Pickling Test 
on Tin-Plate Steel by R. M. Hudson and 
Stragand, Steel Corp., Applied 
Research Laboratory, Monroeville, Pa. 

“Lag time’ is a measure of the time of pickling 

necessary to produce a_ constant rate-ot-weight 

loss from steel immersed in acid. This measure- 
ment has been used as a guide for improving 
the corrosion resistance of commercial elec- 
trolytic tin plate. determined measuring 
either the rate of change of weight loss, hydrogen 
evolution, or corroding potential of a specimen 

in 6 N hydrochloric acid at 90 C (194 F.) 
Lag time depends on surface effects inasmuch 

as removing the surface layers of steel by abra- 

sion or by pickling destroys the lag. Influence 
of box-annealing atmospheres, cleanliness of 
steel and time-temperature cycles lag time 
has been investigated and the complexity of 
these effects has been demonstrated. Explana- 
tions in terms of oxidation or decarburization 
of the steel surface during annealing are not 
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torial Review subcommittee. 


lurgist for Rem-Cru Titanium, Inc., Midland, 
Pa. He has been engaged in solving corrosion 
problems for more than five years. has 
BS, 1942, Pennsylvania State University, was 
employed Wright Aeronautical Corp. and 
served in the army before receiving MS and 
PhD degrees from Ohio State University, 
1950-52. 


E. H. DIX, JR.—Assistant Director of Research, 
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and the Saveur Achievement award from ASM 
for his work aluminum alloy research. 


charge of tropical exposure and laboratory facili- 
ties in the Panama Canal Zone for Naval 
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He attended Pennsylvania State University and 
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High Purity Water Engineering Problems 
Reactors and Boilers Are Covered 


Growing interest water cooled nuclear reactors and the ever increas- 
ing temperatures and pressures steam power plants makes the subject 
matter the High Purity Water Symposium pressing interest. this 
series papers, NACE continues its contributions the store knowl- 
concerning reactions materials high purity water. 


Behavior zirconium-uranium alloys weighed one presentation, 
another discusses the engineering problems solved the first 


Package Power Reactor. 


ABSTRACTS 


Ccrrosion and Water Purity Control for the 
\rmy Package Power Reactor Richard 
‘ark and A. Louis Medin, Alco Products, 
Schenectady, 

Army Package Power Reactor, 
oe rated pressurized water system designed to 
2000 KW, has been operation since 

April, 1957. Design problems associated with 

co rosion and water purification are presented. 

Pr mary purification system is described and 

pe'formance data given on individual compo- 

The 2-cubic-foot demineralizer 
formed satisfactorily, consistently maintaining 
coolant resistivity above 600,000 ohm/cm. Pri- 
coolant has varied between 6.4 and 

9.0, depending on primary system in-leakage. 

Purification system has required minimal atten- 

tien and has: self-regulating hydrogen control. 

Experimental in-plant equipment for determining 

crude levels, corrosion rates and other related 

parameters Preliminary studies in- 
dicate corrosion rate of system components has 

been lower than the originally estimated 0.05 

mz/cem?/mo. 


Corrosion Behavior Zirconium-Uranium 
loys in High Temperature Water by Warren 
E. Berry and Robert S. Peoples, Battelle 
Institute, Columbus, Ohio. 

The effect on corrosion behavior of water tem- 

perature, uranium content, and oxygen content 
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feasible for the development of lag time under 
all the experimental conditions studied. 

Preliminary data demonstrating the high con- 
centration of certain elements on the steel sur- 
face before annealing and the enrichment the 
surface layer by some of these elements during 
annealing, are suggested as particularly promis- 
ing areas for future work, so that lag-time phe- 
— in tin-plate steels may be better under- 
stood. 


Some Observations Stress Corrosion Crack 
Paths in Alpha Aluminum Bronze in Am- 
monia and Steam Atmospheres Kle- 
ment, R. E. Maersch and P. A. Tully, Ampco 
Metal Inc., Milwaukee. 

The investigation presented illustrates the im- 
portance analyzing stress corrosion crack 
paths and the interpretation the crack paths 
with respect alloys and corrosive media. Test- 
ing involved alpha aluminum bronze alloys of 
from 5% Al to 8% Al content exposed under 
stresses about percent the yield strength 
to ammonia and steam atmospheres. Various 
crack paths obtained are illustrated micro- 
graphs and the reasons for the different types 
of crack paths associated with factors such as 
equilibrium grain boundary segregation and the 
chemical attack of corrosive agents on segre- 
gated solute elements. Results of the investiga- 
tion are discussed in terms of analyzing causes 
for field failures. Examples of processing con- 
siderations to minimize failures are cited. 


Corrosion of Metals in Tropical Environments. 
Part 2—Corrosion Characteristics Struc- 
tural Steels During Exposure to 
Tropical Environments 
Research Laboratory, 

\s a continuing part of an extensive investiga- 

ion of the corrosion characteristics of a wide 

variety of metals in the topics, the present re- 
ort presents data on the corrosion 
en structural steels exposed to seashore and 
nland environments in the Panama Canal Zone. 

Chis, the second report in this series, presents 

vight-year exposure data on the ten steels, 


rates of 


has been determined for zirconium 7_ through 
70 w/o uranium alloys. Corrosion rates increased 
as water temperature increased from 500 to 
680 F, as uranium alloy content increased and 
as oxygen content in the alloys increased, The 
amount of distribution of epsilon phase present 
in alloys containing up through 55 w/o uranium 
determined their corrosion behavior. Increase in 
corrosion rate with increased oxygen content 
correlated well with the effect oxygen 
forming structures having alpha zirconium and 
alpha uranium the epsilon. 


Removal of Corrosion Products from High Tem- 
perature, High Purity Water Systems with 
Axial Bed Filter, Williams and 
R. E. Larson, Knolls Atomic Laboratory, 
Schenectady, N. Y. 

Concentration corrosion products and other 

impurities which produce undesirable radio- 

nuclides must maintained extremely low 
values in the primary coolant systems of nu- 
clear power plants to keep the resulting does 
rate below maximum values. This has been 
accomplished previously by low temperature ion 
exchange the pressurized water coolant. 
Development of an axial bed filter which can 
remove radioactive corrosion products from 
high purity pressurized water coolant oper- 
ating temperatures is described. It can be used 
also to maintain coolant pH ahove 8.5 at oper- 
ating temperatures up to 450 F. 


Some Relations Between Deposition and Cor- 
rosion Contamination in Jiow Makeup Evapo- 
rator Systems for Steam Power Cycle, Henry 
Kehmna and Elmer Johnson. 


which permits the establishment of significant 
time-corrosion curves for these metals. Inas- 
much as similar data exist for several of these 
steels during exposure to atmospheric environ- 
ments in temperate zone, a basis is presented 
for comparing rates in the two latitudes. 


Titanium, the Chemical Industry’s New Mate- 
Bomberger, Jr., and McDonough, Rem- 
Cru Titanium, Inc., Midland, Pa. 

Development of titanium prototypes for corro- 
sion resistant applications is discussed to illus- 
trate the fact that titanium rapidly becoming 
standard material construction the chem- 
ical industry. Attention is focused on compara- 
tive costs with special emphasis on titanium’s 
longer service life; the reduction down-time 
and maintenance costs and the steady decline 
the initial cost titanium. 

A number of case histories are reviewed 
which demonstrate the superior service life and 
corrosion resistance of titanium when subjected 
to attack by sodium hypochlorite, nitric acid, 
calcium hypochlorite, ferric chloride, sulfuric 
acid and chlorine dioxide. 


Effect of Sigma Phase vs Chromium Carbides 
on the Intergranular Corrosion of Types 316 
Stainless Steel Donald Warren, 
E. I. duPont de Nemours & Co., Inc., Wil- 
mington, Del. 

A study was made of the intergranular corro- 
sion behavior Types 316 and 316L stainless 
steel in twelve different acid environments. In- 
cluded in these environments were nitric, nitric- 
hydrofluoric, acetic, citric, sulfuric, lactic, ox- 
alic and phosphoric acids. Results this study 
showed that sensitized and welded Type 316L 
stainless steel had excellent resistance to inter- 
granular attack in all of the acid media except 
nitric. This was true despite the presence of a 
continuous network of sigma phase in the grain 
boundaries. In contrast, Type 316 stainless steel 
containing continuous grain-boundary network 
of chromium carbides underwent severe inter- 
granular corrosion in ten of the twelve environ- 
ments studied. 


Influence Service Temperature the Cor- 
rosion Resistance of Wrought Aluminum- 
Magnesium Alloys by E. H. Dix, Jr., Alumi- 
num Company of America, New Kensington, 


Berry Williams 
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R. J. CLARK—Senior Chemical Engineer, Alco 
Products Atomic Energy Department tor the 
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power plant design. He was employed for more 
than four years the duPont Savannah River 
Plant, where his experience included heavy water 
technology, reactor operation, fuel reprocessing, 
fabrication and health physics. He is a graduate 
of Rensselaer Polytechnic Institute. 


R. E. LARSON—Research Associate, Knolls 
Atomic Power Laboratory, General Electric 
Company for the past nine years, he has been 
concerned with coolant corrosion problems in 
sodium and water cooled propulsion and produc- 
tion type reactors. His experience is extensive 
on design, chemical development, radioactive 
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He has a BChE, University of Minnesota and 
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Crevice Corrosion Titanium Zarem- 
ski, Allegheny Ludlum Steel Corp., Bracken- 
ridge, Pa. 


Corrosion-Resistant Experimental Steels for Ma- 
rine Applications J.arrabee, United 
States Steel Corp., Monroeville, Pa. 
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Use and Effects Inhibitors Under 
Varied Conditions Covered Symposium 


Use and effects metallic and organic inhibitors under wide variety 
conditions are considered the Inhibitor Symposium given 
San Francisco during the 14th Annual NACE Conference. Such subjects 
the influence ionic state certain types inhibitors, special ways 
evaluate inhibitors used petroleum refineries and use organic and 
oil soluble inhibitors will considered. 


ABSTRACTS 


Inhibition Corrosion Mild Steel 
Solutions Norman 
Hackerman, Ray M. Hurd and Earl S. 
Snavely, Jr., University of Texas, Austin. 

NHsNO3-NH3-H20 were measured at tempera- 

tures of 30, 45 and 60 C. Effects of various 

sulfur and arsenic-containing inhibitors were 
studied, with particular emphasis 

The corrosion reaction was found mark- 

edly affected by stresses in the metal to the 

extent that completely stress-relieved coupons 
would not corrode at all. The rate of the un- 
inhibited reaction was much lower at 45 and 

60 C than at 30 C, indicating a change in the 

mechanism of the corrosion reaction. 

The uninhibited corrosion rate of 3700 mdd 
at 30 C was decreased to approximately 25 mdd 
with concentrations greater than 0.1 
percent. At 45 C, the most effective inhibitor 
was found 0.05 percent 2-mercaptoethanol 
+ 0.05 percent sodium arsenite, followed closely 
0.1 percent 0.05 percent sodium 
arsenite. Thiocyanate and thiourea alone at con- 
centrations of 0.1 percent were somewhat less 
effective. 

Simple potential measurements using a plati- 
num reference electrode showed the corroding 
coupons about 0.9 volt more negative than 
the stress-relieved coupons. 


ledge, Oak Ridge National Laboratory, Oak 
Ridge, Tenn. 

Experimental studies on the effect of ions and 

molecules the type upon the corrosion 

of iron and steel will be summarized. Measure- 
ments of electrode potentials in inhibited solu- 
tions and the effect of foreign electrolytes upon 
these potentials have shown the competitive and 
reversible nature of the surface state associated 
with inhibition. Studies with the pertechnetate 
ion as inhibitor have demonstrated the absence 
of detectable continuing chemical action in the 
systems over a period of almost five years. It 


was shown that the passivation 
complete that an iron electrode indicates the 
thermodynamic potential the 
couple. was also discovered that the Flade 
potential may be observed on iron electrodes in 
aerated, inhibited solutions, without use of such 
vigorous passivating agents as HNOs or anodic 
polarization. Results are discussed by consider- 
ing the ways in which the presence of an ad- 
sorbed inhibitor may affect the kinetics elec- 
trode processes at a metal-solution interface. It 
shown that specific differences among the 
XO; particles with respect to inhibition may 
arise from the nature the electrostatic field 
exerted such particles over short distances. 


Evaluation of Some Organic Corrosion Inhibi- 
tors for Special Applications in Petroleum 
Charles Wankat and Henry, Universal 
Oil Products Co., Des Plaines, Ill 

Evaluation of corrosion inhibitors used in vari- 

ous phases of refining is difficult in the labo- 

ratory. Some inhibitors with an extensive record 
of successful operation in various places in the 
refinery—in crude distillation columns for ex- 
ample—are ineffectve when tested the ASTM 

Turbine Corrosion Test the static 

water drop test. So, an effort was made to 

develop a test method to evaluate corrosion in- 
hibitors for use in such places as crude dis- 
tillation columns. 

Apparatus has been devised for laboratory 
use evaluate oil and water soluble corrosion 
inhibitors for steel acid and Admiralt 
metal corrosion inhibitors alkaline pH. 
Essentially, this apparatus consists of a con- 
densing system which allows a mixture of water 
and hydrocarbon to flow over the strip in the 
presence of corrosive agents such as are nor- 
mally found in a particular environment, and, 
essentially in the absence of air. 

Reasonably reproducible results have been 
obtained with water soluble inhibitors on steel 
mildly acid pH. Reproducibility poorer 
the case of corrosion of Admiralty metal at a 
slightly alkaline pH. However, it has shown 
that a number of proprietary corrosion inhibi- 
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Lake Section NACE. 


HENRY—Presently engaged corrosion 
and stability testing and analytical research for 
Universal Oil Products Company, which he 
joined 1953, previously had four years 
experience chemical officer with the 12th and 
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RAY M. HURD—Supervisor of Physical Chem- 
istry Section, Defense Research Laboratory, Uni- 
versity of Texas, Austin. He formerly was re- 
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corrosion in petrochemical and petroleum in- 
dustries. He is chairman of the program coordi- 
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Maddux, Continental Pipe Line Co., Ponca 
City, Okla. 

Technique, used severe case 
ox pipe line corrosion being caused by stray 
current 1s described. The products pi 


elec- 
fied track system for approximately 32 miles, 
the two structures cross six times. 
Vixtures were required at certain points to 
and function conjunction with 
couventional type cathodic protection rectifiers in 
effect 100 percent cathodic protection 
o the pipe at all locations throughout the stray 
area, The fixtures performed efficiently 
electric valves” for all conditions 
tr ck loading when connected between rail and 


ipe line in 
juestion closely parallels a 4000-vo 


the technique employed illustrated 
24-hour recorded charts performance, show- 
the unprotected pipe was reversed polarity 
a’ | that the extremely severe corrosion was en- 
ly eliminated. 


Current Anodes Installed and Back- 
illed Depth 350 Feet Joe Tatum, 
Villmut Gas Oil Co., Hattiesburg, Miss. 

W vere power costs are high and low resistance 

s) ca cast iron ground anodes and backfill them 

wth coke breeze or graphite at depths of 350 
fi t. Method is described in detail. Type of wire 

header wire sizes, method connection 

insulation protection are described. Resist- 

ces of 1 ohm to ground are obtainable readily 
this method with soil resistances on the 

ler of 2000 ohms per centimeter. Gas blocking 

1.8 not occurred with a 10 to 20 ampere drain. 

»stallations are a year old. Accrued benefits, 
h as improved current distribution, low inter- 
ence effect and installation savings are dis- 

vssed. Protection is extended to approximately 
000 square feet poorly coated pipe 

radius the groundbed. 


es 


Field Service Results Silicon Selenium 
Cathodic Protection Rectifiers Don 
Wilson, Lester Equipment Mfg. Co., Inc., Los 

_Angeles, Cal, 

The high conversion efficiency of silicon rectifiers 

for DC output ratings above 30 volts has resulted 

in substantial savings in power costs. However, 
silicon failures in high lightning incidence areas 
and on power supply lines with poor control of 
switching transients have been unacceptably high. 

Peak inverse voltage failures silicon can 

caused lightning induced transients either 

the supply lines or in the CP loop without a 

direct strike. Silicon and selenium failure rates 

by areas are compared with a national Bureau 
of Standards lightning incidence rate map. Data 
covering the variation of CP loop resistance from 
dry anode bed to moist soil condition confirms 
the wisdom of secondary over-current protection. 

A magamp circuit which controls DC current 

within plus minus percent with loop resist- 

ance varying from 0.6 to 2.5 ohms is discussed. 

Present and future developments to protect sili- 

con against PIV failures are discussed. 
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protection field shortly after joining 
Lester in 1955. He was among the first to 
employ silicon rectifiers and was _ identified 
with their application well casings the 
Shell-Ventura field. graduate aeronautical 
Engineering Boeing School Aeronautics, 
has been employed United Airlines, Fair- 
child Aviation Corp., Federal Telephone and 
Radio and while on active duty in the navy 
did work connected with airline operations, 
ment, set the West Coast Division 
selenium manufacturing operations for Federal 
and Radio. 
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ion of silica resulting in a strong mortar con- 
aining 98% SiOz. Physical strength and chem- 
cal resistance data are given, and its superior 
ature is explained theoretically. 
Resume Corrosion Characteristics Struc- 
tural Alloys Various Coolants 
Manly, Oak Ridge National Laboratory, Un- 
_ion Carbide Nuclear Co., Oak Ridge, Tenn. 
Use Sodium Heat Transfer 
Agent and Its Corrosive Effect by W. D. 
Manly, Oak Ridge National Laboratory. 
ontrol of Corrosion in Nitric Acid Solutions 
Memorial Institute, Columbus, Ohio. 
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Materials Construction for Hydrofluoric Acid 
Service by F. W. Fink, Battelle, Memorial 
Institute, Columbus, Ohio. 

Corrosion in the Production and Handling of 
Fertilizer Chemicals by H. O. Teeple, The 
International Nickel Co., Inc., New York. 

Corrosion Zirconium Hydrochloric Acid 

Titanium Equipment and Corrosion Economics 
Bedford. 

Stress Corrosion Stainless Steel Dow- 
therm Priest, Pfaudler Co., Roch- 
ester, 
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the Tappi Corrosion Committee. joined 
International Nickel Co., Inc., 1944 
member the corrosion engineering section after 
working on materials specifications in plant 
corrosion problems Westvaco Chemical Di- 
vision, Food Machinery and Chemical Corp., 
South Charleston, Va. has ChE, 
1937, University of Michigan. Among the fields 
in which he has specialized are the pulp and 
paper industry. He is a member of Canadian 
Paper Association, The Electrochemi- 
cal Society and American Chemical Society, 
among other organizations. 


(Continued From Page 93) 


pressors, together with economics involved. Qual- 
ity of availabie U. sand is considered and 
advantages and disadvantages of various sand 
sizes discussed. Practical techniques in blasting 
to get best efficiency at least cost are covered 
in detail. Specifications relating to surface clean- 
liness are generally discussed and some recom- 
mendations made for improvements in specifi- 
cations writing. 


Chemical Process Industry’s Use of Plastics for 
Corrosion Protection, prepared under direc- 
tion of W. J. Sauber, The Dow Chemical Co. 

In-plant experience essential suppliment 
to engineering data designed to make successful 
the use of plastics in preventing corrosion. Case 
histories are presented describing application of 
epoxies, Saran, polystyrene and polyethylene in 
brine and acid handling systems, cathodic insu- 
lation and packed columns, Analysis of expe- 
rience under a wide range of environments and 
conditions provides improved basis for successful 
use plastic materials. 


Wash Primers, by L. R. Whiting, Bakelite 
Company, Division Union Carbide Corp., New 
York, 

Development, characteristics and properties 
wash primers are explained. Data are given 
wash primers principally because of their effi- 
ciency and wide use. Reactive and non-reactive 
types resulted from efforts to understand better 
the reactions involved and as a result of efforts 
to produce a one-package system. 

Reacted wash primers are made reacting 
phosphoric acid and chromium oxide in a solu- 
tion of buytral resin at high temperature, produc- 
ing a clear green lacquer. Non-reactive primers 
are prepared dispersing chromates lead, 
strontium and barium in a solution of butyral 
resin and then adding phosphoric acid. A stable 
wash primer is prepared by dispersing chromic 
phosphate solution PVB. 


Kel-F Coatings by Fred Troester, Minnesota 
Mining & Mfg. Corp., Los Angeles, Cal. 
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investigating deterioration of concrete from 
sewage. For the past 20 years he has occupied 
himself with application various plastics 
coating and lining materials, working with the 
armed forces and the Atomic Energy Commis- 
sion in solution of corrosion problems. Long 
active in NACE in local, national and tecnhical 
committee affairs, he is a frequent speaker 
NACE-sponsored technical sessions. 
presently director representing corporate 
members. 


WARREN PALMER—Consultant and head 
of Protective Coatings Engineering and Inspec- 
tion Service, Houston, he specializes in appli- 
cation of protective coatings in controlling in- 
dustrial and marine exposures. After_ stuciying 
mechanical engineering with Kansas State Col- 
lege, Manhattan he was employed at Monsanto 
Chemical Company’s Texas City plant from 
1942 to March 1954. At Monsanto, beginning 
in 1948 he worked with the corrosion engineer- 
ing section_as inspector and protective coating 
engineer. He also has been employed as a field 
engineer for The Austin Company and for Ford, 
Bacon and Davis. 


JOHN RICHARDSON—For more 
occupied with protective coatings, has 
een with Amerocoat Corp. since receiving 
bachelor’s degree in chemist from Pomona 
College 1940. The bulk his experience 
relates industrial corrosion problems and 
coatings to solve them. 


HENRY RUDOLF—President, 
bachelor’s and professional engineer’s degree 
Coatings Co., Inc., Jacksonville, Fla., has 
a bachelor’s and a professional engineer’s degree 
from Lafayette College. Until 1958 
with the steel industry the United States 
and abroad. He is author of papers on and 
holder of patents relating to blast furnace oper- 
ation. He is active in NACE and was a founder 
and first chairman Jacksonville Section. 


ROBERT WHITING—A member several 
NACE technical committees concerned wit 
surface preparation and organic protective coat- 
ings, he formerly was chairman of T-6G. With 
Bakelite Company, Division, Union Carbide 
Corp. has worked polymer chemistry and 
coatings development. During World War 
ing anti-corrosive and anti-fouling coatings. He 
is now with Bakelite’s New Products Engineer- 
ing Dept. A graduate of University of Kansas, 
1921, worked from 1921 1924 the 
petroleum industry chemist, before joining 
Bakelite. 
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graphic examination of scale layers combined 

with X-ray diffraction and spectrographic analysis 

used determine the effect alloy composi- 
tion and moisture in the air. 

Effect of Molten Boron Oxide on Selected High 
Temperature Alloys Wright 
Development Center, Wright-Patterson 
AFB, Ohio and Charles R. Andrews, Univer- 
sity Dayton. 

Industrial and military use of boron and boron- 

containing compounds has increased greatly in 

the past two decades. Boron oxide 
particular interest. Molten boron oxide, a viscous 

liquid at 850-3600 F, has been used widely as a 

solder flux because it can clean metal surfaces by 

removing oxide layers. Initial studies are reported 
wherein unstressed high temperature wrought 
alloys, representing four main composition classes, 
were exposed to molten boron oxide at test con- 
ditions ranging from 1600 to 2000 F in air and 
inert atmospheres for about 150 hours. special 
high temperature furnace operating under re- 
producible controlled conditions al- 
ternately cycled specimens between molten boron 

oxide and gas environments. E 
Molten boron oxide proved very corrosive, par- 

ticularly to iron and cobalt base alloys over 

1800 F. Some constituents such as carbon, alu- 

minum, titanium and iron at low concentrations 

appear to reduce resistance to molten boron 
oxide. Effects of atmosphere, temperature, allo 
composition and other factors are evaluated. 

Several corrosion mechanisms are postulated to 

explain data. 


How You Can Get Copies 
Conference Papers 


Technical papers presented during the 
14th Annual Conference San Fran- 
cisco will published CORROSION 
approved the editors beginning 
with the April issue. Members the 
National Association Corrosion Engi- 
neers will, therefore, ultimately receive 
copies all papers approved for pub- 
lication. Because they are included 
CORROSION and are indexed topically 
and otherwise, the necessity main- 
taining separate files and indexes 
eliminated. 


Subscribers CORROSION also en- 
joy this same access NACE tech- 
nical material. 


addition conference papers COR- 
ROSION also publishes technical mate- 
rial orginiating regional and sectional 
meetings and sent NACE authors 
seeking effective medium for presen- 
tation their work. 


COPIES CONFERENCE PAPERS 
ARE AVAILABLE FROM CENTRAL 
OFFICE NACE. 
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New Marine Corrosion Control Measures 
Are Covered Four-Paper Symposium 


Realization that real progress can made control corrosion 
marine structures has revived interest new control means and resulted 
the preparation papers such those being presented during the 
Marine Corrosion Symposium San Francisco. Summaries work 
done naval engineers will made two papers while third will 
cover effect industrial wastes corrosion rates. fourth paper con- 


siders electrode properties mild steel sea water, always 


cathodic protection design. 


ABSTRACTS 


Corrosion Problems Navy Facilities Trop- 
ical Pacific Islands Kenneth Wright, 
Bureau Yards and Docks, Dept. the 
Navy, Washington. 

A coordinated investigation of the corrosion and 
other deterioration encountered at Navy facil- 
ities on tropical Pacific islands has been inau- 
gurated in an endeavor to determine which 
materials and/or methods construction will 
result the most reasonable initial construction 
and minimum maintenance costs. High salt con- 
tent of the marine atmosphere is the basic rea- 
son for extreme corrosion and high maintenance 
costs in certain areas. Variations in salt con- 
tent result in much more severe corrosion in 
some locations than in others which climatically 
are identical very similar. 
tween corrosion rates and climate, orientation 
and geography the islands discussed. 
is still under study. 

Certain metals and alloys have been found to 
be subject to rapid corrosion and pitting due 
to the salt laden atmosphere, temperature, and 
moisture conditions. list some materials 
used with good and bad results given, are 
possible solutions these and other problems 
still being investigated. 
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ager of its Development and Research Division 
since June, 1954, Mr. LaQue has spent the better 
part of his time since eraduation_ from Queen's 
University, Kingston, Ont., in 1927 doing cor- 
rosion research. Me is a member of numerous 
engineering societies concerned with materials, 
mitigation and is a vigorous proponent of the 
necessity for long-term service testing provide 
reliable corrosion control data. He received the 
NACE Speller Award in 1949, among other 
honors from engineering societies, and is sought 
after as a speaker on corrosion problems. 


MAERSCH—Chief Development Metal- 
lurgist, Ampco Metal, Inc., Milwaukee. re- 
ceived chemical engineering, University 
of Wisconsin, 1937, after which he worked for 
Gisholt Machine Co. He also worked on quality 
control in the aircraft division of J. IT. Case Co.. 
ala Ill. He belongs to ASM, AWS and 
NSPE. 


REZNEK—Director Engineering and 
Safety, National Tank Truck Carriers, trade 
association for-hire tank truck operators since 
October, 1953, he has had long experience in 
motor vehicle operations. He was with the 
Interstate Commerce Commission 1932-53 as a 
clerk and engineer, except for army service 
1942-45, he is a registered engineer and a mem- 
ber the bar the District Columbia. 
graduate mechanical engineering and 
law, George Washington University, Washington, 
Motor Carriers, ICC, put him in charge of equip- 
ment and maintenance regulations for motor 
vehicles included design of tank motor vehicles. 


CHARLES SOUTHWELL—In materials 
engineering since 1954 engaged investigating 
corrosion and protective coating of metals for 
Naval Research Laboratory, Canal Zone. From 
1950 to 1954 he was engineer-in-charge of con- 
crete and protective coatings during construction 
and before 1950 


of International Falcon Dam 
worked with Special Engineering Division, Pan- 
ama Canal Company research pertaining 
corrosion, coatings and concrete for design of 


sea level canal. attended St. Mary’s Uni- 
versity Texas, majoring physics. 


important 


Marine Structures Affected Industrial 
Wastes by Mark W. Battersby, Seattle, Wash. 
Common errors in designing cathodic protection 
for marine structures exposed to industrial 
wastes are considered. Danger involved in using 
data derived from observations over short De 
riods instead year around are considered. 
description cathodic protection methods 
on_hulls in brackish tidewaters is given. 

Problems involved in mitigating corrosion on 
piers and bulkheads in metropolitan ports are 
enumerated. Effect of temperatures in Alaska 
and arctic waters on cathodic protection and 
corrosion is described. 

Comments are made the effect marine 
organisms on metals in far northern waters as 
contrasted their effects the Gulf Coast 
or in the Mediterranean. 


Some Electrode Properties of Mild Steel in Sea 
Water by T. P. May, Harbor Island Test 
Station The International Nickel Co., Ene, 
Harbor Island, 

The potential freely corroding steel 
ported for several conditions exposure sea 
water: namely, quiescent, several velocities and 
alternate immersion at the tidal zone. The 
anodic and cathodic behavior of steel in sea 
water is discussed with reference to galvanic 
corrosion, cathodic protection and influence of 
films the metal surface. 


Corrosion Challenges Naval and Marine Serv- 
ices, by Cdr. F. G. Archbold. 


G. L. Technologist, Ap- 
plied Research Laboratory, United States Steel 
Corp., Monroeville, Pa. has chem- 
istry, University Pittsburgh, 1943 and 
chemistry from the same school, 1950. His 
experience includes work the chemical lab- 
oratory of the Carnegie Steel Company and his 
present work in gas-metal reactions during tin 
mill box annealing. 


PATRICK A. TULLY—Wrought Products _ re- 
search metallurgist for Ampco Metal, Inc., Mil- 
has metallurgy from Wisconsin, 
1955, with a thesis on stress corrosion cracking. 
Hle 1s a member of ASM and an instructor in 
metallurgy in the evening division of the Uni- 
versity of Wisconsin in Milwaukee. 


DONALD WARREN—Research 
neer, Engineering Research Laboratory, 
duPont Nemours Co., Inc., Wilmington, 
Del. He has a BS in metallurgical engineering, 
University of Kentucky and MS and PhD degrees 
from Lehigh University. He joined duPont in 


1951 and was an air force pilot during World 
War II. 


ABSTRACTS 
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tors appear of little value in this use and that 
some the experimental stage are effective. 


Considerable difficulty has 
obtaining consistently reproducible answers 
by the MIL-I-25017 modification of the ASTM 
Turbine Oil Corrosion Test. An evaluation tech- 
nique described by Sinclair has been tried and 
found to yield inconsistent results. However, 
the data were somewhat better than those ob- 
tained following the present specification 
method. 


The most hopeful results were 
using a corrosion probe of the type described 
by the Pure Oil Company in place of the cor- 
rosion coupon. Families of curves for different 
concentrations of inhibitor have been obtained 
with a rather good degree of reproducibility. A 
clear differentiation has been established be- 
tween concentrations at which given corrosion 
inhibitors substantially eliminate corrosion. 
is felt this method has considerable merit since 
it does give a quantitative rating in place of 


CORROSION 


May Wright 
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MARK W. BATTERSBY—Among other activ - 
ties in ASME, AACE and NACE Mr. Batters! y 
organized the Puget Sound Section of NACH 
and served its first chairman, has 
active in corrosion mitigation work in the Nort : 
west since 1947, He has a BA, economics majc F 
Seattle University and is taking work toward : 
advanced degree in cost engineering. 


THOMAS P. MAY—Since June 1957 Dr. May 
has been manager of The International Nick«! 
Co., Inc. Kure Beach-Harbor Island Testing 
Station the North Carolina coast near 
Wilmington. He had been technical manager of 
the station since August 1954. He joined Inco 
at New York in 1947 after 10 years as head of 
the Corrosion Section, Chemistry Division, U.S. 
Naval Research Laboratory, Washington. A di- 
rector of NACE, he has been chairman of the 
association’s publication committee during the 


past two years. 


manager of the Specifications Branch, Bureau 
of Yards and Docks, Navy. He is on committees 
developing ASTM, federal and military specifica- 
tions. He has a BS in civil engineering, Uni- 
North Dakota, 1925; was with the 
state highway departments North Carolina and 
Michigan been with the Navy Bureau 
Yards and Docks since 1931. 


the subjective rating highly susceptible to dif- 
ferences among. operators and variations in 
sample preparation used previous methods. 


Evaluation Certain Organic Nitrogen Com- 
Schwoegler, Armour Research Foundation, 
Chicago. 

The static water drop test adapted to research 

methods has been utilized to evaluate a number 

of heterocyclic nitrogen compounds. Most of 
these heterocyclic N_ derivatives were syn- 
thesized and purified and evaluated petro- 
leum type lubricating oil and synthetic diester 
type lubricating oil. 

Effect of various functional groups and their 
positions in the molecule were related to the 
corrosion inhibiting properties. 


Control of Internal Corrosion of Products Pipe 
Lines With Oil Soluble Inhibitors by M. R. 
Barusch, California Research Corp.; 
Piehl, Standard Oil Co. Cal.; and 
Haskell, Salt Lake Pipeline 

Corrosion control in a products pipe line trans- 
porting refined petroleum products from Salt 
Lake City, Utah to Spokane, Washington is 
discussed. Since this pipeline is a common car- 
rier it handles such stocks as motor Diesel and 
aircraft fuels and alkylate. Some fuels carry 
different corrosion inhibitors while many others 
are without any inhibitor. theory proposed 
explain the mode action corrosion in- 
hibiting when a variety of different inhibitors are 
used in the same pipe line. 


BIOGRAPHIES 


and development laboratories of Universal Oil 
Products Company, he has been working with 
additives, isomerization and alkylation paraffin 
hydrocarbons. has degree education from 
Southern Illinois University, Carbondale, 1934 
and PhD, 1938, Harvard where worked 
the university staff for year with James 
Conant. 


CHARLES WANKAT—He has been employed 
at Universal Oil Prod-cts Comnany, research 
laboratories since 1936. He has a BSc in chemis- 
try, Illinois Institute of Technology, 1942. His 
principal work analytical chemistry related 
treating petroleum distillates, refinery service and 
corrosion studies. now supervisor the 
UOP service laboratory Des Plaines, 
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14TH ANNUAL CONFERENCE PROGRAM 


Fraser Greenwell 


Mechanical Properties Oil Well Tubing 


Among Oil 


and Gas Symposium Topics 


subject protection oil and gas well equipment always has high 
among persons attending NACE Conferences and the quality 
the papers the Oil and Gas Production Symposium will make San 


meeting exception. 


the seven papers scheduled, two consider the mechanical properties 
and effect dissolved gases tubing; another reviews the gas con- 
densate well corrosion problem and fourth discusses cathodic protec- 


tion 480 oil well casings. 


Other papers pertain sulfide corrosion cracking and water flood 


operations. 


ABSTRACTS 


Corrosion of Steel in Water by Varied Ratios 
of Dissolved Gases, by J. Wade Watkins and 
G. W. Kincheloe, Bureau of Mines, U. S. Dept. 
of Interior, Bartlesville, Okla. 

basic study the corrosivity steel 
water varied concentrations the dissolved 
gases, oxygen, free carbon dioxide, and hydrogen 
sulfide was reported in an earlier paper. Addi- 
tional laboratory tests were made with varied 
ratios of free carbon dioxide to both oxygen and 
hydrogen sulfide, with the concentration of one 
gas maintained constant throughout a series of 
tests and the concentration of the other gas 
uration, Corrosion rate function time 
the system was determined time intervals 
a maximum of 984 hours’ exposure. Results in- 
dicated that corrosion caused by oxygen and free 
carbon dioxide increased almost in direct pro- 
portion to the concentration of dissolved oxygen, 
the greatest potential corrosion in a water-injec- 
tion system might expected from water satu- 
rated with air and containing high concentrations 
dissolved free carbon dioxide and the inhibit- 
ing action hydrogen sulfide the formation 
of protective coatings was manifested almost 
throughout the entire range of carbon dioxide- 
hydrogen sulfide ratios. In the time versus cor- 
rosion tests, the corrosion rate was fairly linear 
with time up to about 72 hours, increased, and 
again assumed nearly linear relationship from 
about 140 hours 984 hours’ exposure. 


Mechanical Properties and Corrosion Resistance 
of Oil Well Tubing by F. A. Prange, Phillips 
Petroleum Co., Bartlesville, Okla. 

A_ resume of the applications of various grades 

of tubing in sweet and sour condensate wells and 

sweet and sour oil wells. Modes of corrosion 
damage the different tubing materials are dis- 
cussed, Sour condensate wells 
troublesome since sulfide stress closely 
related the mechanical properties. Stress cor- 
rosion cracking may serious problem the 
high strength materials. Mechanical properties 
ind the effects on service are examined. Trans- 
verse notch ductility is a critical factor in high 
steels, Common defects found the 
‘arious grades are 


Review the Gas Condensate Well Corro- 
sion Problem by R. Fincher, Tidewater 
Oil Co., Houston, Texas. 

“mphasis is placed on ‘super’ high pressure 
ondensate wells with shut-in pressure over 5000 
si. Present status of corrosion control in gas 
ondensate wells is given in comparison with 
ata reported the 1953 book, 
Vell Corrosion,” the Natural Gasoline Asso- 
ation America. estimate the current 


Cathodic Protection 480 Deep Oil Well Cas- 
Kerr, Shell Oil Co., Ventura, 


Cathodic protection has been installed some 
480 oil wells in the Ventura Field by the Shell 
Oil a to alleviate external casing corro- 
sion which has been a problem for many years. 
Extensive field investigations and laboratory stud- 
ies were made to evaluate various factors asso- 
ciated with cathodic protection, Current require- 
were down hole current- 
potential curves utilizing new interpretation. 
economic analysis the test data illustrated 
that an installation producing 27 amperes per 
well would give maximum profits. Depth of pro- 
tection was shown to be adequate to 9000 feet 
and the surface pipe effect was found to be of 
no major consequence. 

installation wells for pilot testing was 
completed March 1956 with the major installa- 
tion being completed January 1957, Although 
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APEX Anodes are now 
available in 5 Ib., 10 tb., 
17 ib. and 32 tb. sizes. You 
may order bare anode 
with or without wire, or 
complete packaged anode 
with wire and back-fill 
ready for installation. 


CHICAGO 


available request. 


Prange 


Watkins 


BIOGRAPHIES 


H. L. BILHARTZ—President of Production 
Profits, Inc., a firm of consulting engineers in 
the petroleum production field. He has been a 
region and section officer and has arranged pro- 
grams for local and national meetings. His 
activity on NACE technical committees includes 
chairmanship of T-1 and membership in several 
others in the oil production field. He also is 
a member of Natural Gasoline Association of 
America, API and AIME. He graduated from 
Southwestern University and attended graduate 
schools Harvard and Massachusetts Institute 
Technology. 


ELDREDGE—A member the Statistics 
and Operation Research Group, Apptied Mathe- 
matics Dept., Shell Development Co. He has 
worked on corrosion research since 1946 and 
was employed similarly at Aluminum Research 
Laboratories, New Kensington, Pa. He has a 
PhD, 1940, University Minnesota and 
author papers inhibitors, statistical analysis 
corrosion pitting and others. 
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Treseder 


Corrosion control for under-ground and under-water 
pipelines and other metal structures regardless all 
other methods used. 


Anode folders technical consultation with our engineers 
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(Continued From Page 


the Ventura tests indicate that cathodic protec- 
tion is feasible and will be highly profitable for 
deep oil wells. 


Laboratory and Field Methods for Quantitative 
Study Sulfide Corrosion Cracking 
Fraser, Eldredge and Treseder, 
Shell Development Co., Emeryville, Cal. 

Quantitative procedures for sulfide corrosion 

cracking tests, Lo*h in the laboratory and in the 

field, have been acveloped, Statistical technique 
probit analysis has been adapted for use with 
cracking test data so as to make optimum use of 

a minimum number of tests. 

Analysis data from laboratory tests yields 
a number which is called the critical stress, Se. 
This is the stress at which the probability of fail- 
ure under the specific test conditions used is 


one-half. Very susceptible steels have low Se 


International 


ASSOCIATION CORROSION 


values whereas non-susceptible steels have high 
Se values. The critical stress is a function not 
only of the alloy tested but also of the test en- 
vironment and procedure. It is lowered by addi- 
tion of acids (especially organic acids such as 
acetic) and carbon dioxide, 

Using alloys of varying Se values, all tested at 
the same high stress, the relative severity, Rs, 
of any given test environment (i.e., flow from 
a sour gas well) can be measured, Analysis of 
the data from field tests yields a number, Rs. 
which is the critical stress a i an alloy which would 
be expected to give 50 percent failures in test. 
High values are associated with very severe 
and low values with mild 
environments. 

This general method may adaptable other 
stress corrosion systems and thus provide a quan- 
titative means expressing susceptibility at- 
tack or severity of an environment. 


Influence Metallurgical Variables Resist- 
ance of Steels to Sulfide Corrosion Cracking 
by J. P. Fraser and G. G. Eldredge, Shell 
Development Co., Emeryville, Cal. 

A statistical study has been made of. sulfide 
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Gulf Stocks at: 


SAN ANTONIO MACHINE 
SUPPLY CO. 


Harlingen, Texas 
Phone: GArfield 3-5330 


SAN ANTONIO MACHINE 
SUPPLY CO. 
Corpus Christi, Texas-Phone: 2-6591 
TEXAS MARINE INDUSTRIAL 
SUPPLY 60. 


Houston, Texas 
Phone: 6-1771 
TEXAS MARINE INDUSTRIAL 
SUPPLY CO. 
Galveston, Texas Phone: 5-8311 


MARINE PETROLEUM SUPPLY CO. 
Orange, Texas 
Phone: 8-4323—8-4324 


RIO FUEL SUPPLY CO., INC. 
Morgan City, La.-Phone: 5033-3811 


ROSS-WADICK SUPPLY COMPANY 
Harvey, La.-Phone: FlIllmore 1-3433 


VOORHIES SUPPLY COMPANY 
New Iberia, La.--Phone: 4-2431 
MOBILE SHIP CHANDLERY CO. 
Mobile, Ala.-Phone: HEmlock 2-8583 


BERT LOWE SUPPLY CO. 
Tampa, Florida -----Phone: 2-4278 


Paints 


were developed, each 


satisfy new and often 
unusual marine 
requirement 


Send for complimentary 
copy our recently re- 
vised booklet “The Paint- 
outline the latest ap- 
proved practices all 
marine maintenance. 


International Paint Company, Ine. 


Offices: 


New York Y., West St., Phone: WHitehall 3-1188 


New Orleans 15, La., 628 Pleasant St., Phone: 
So. San Francisco, Cal., 


TWinbrook 1-4435 
So. Linden Ave., Phone: 6-1440 


ENGINEERS Vol. 


ical composition, mechanical properties and heat 
treatment. Of 104 different alloys studied 79 
were commercially-produced API grades J-55, 
N-80 and P-110 steels. It was possible to derive 
predictive equations which can used rate 
the cracking susceptibility new alloy from 
its known metallurgical properties. Properties 
that most strongly influence resistance to corro- 
sion cracking are reported. 

An additional result of this investigation is the 
demonstration that resistance to cracking can be 
markedly improved by tempering N-80 steel ‘or 
yield strength not excessive. 


Corrosion Water Flood Operations 
Greenwell and Bilhartz, 
Profits, Inc., Dallas, Texas, 
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FRASER—Chemist, Materials Engineering 
and Corrosion Dept., Shell 
Cal., graduated from Cornell 
1947 ‘with BChemE and received PhD 
metallurgy om the same school in 1949. Iiis 
work with Shell since 1949 has been in ma- 
terials engineering and corrosion research. A 
member NACE, active technical com- 
mittee 1-F. He is author of several papers on 
his specialties. 


GREENWELL—Now with Production 
Profits, Inc., Dallas, he has been doing corrosion 
control work on oil wells for more than 8 
principally with Atlantic Refining Co. 

the Natural Gasoline Association 
America, and active NACE technical 
committees dealing with oil well corrosion, His 
published work includes studies corrosion 
characteristics of oil wells and methods of con- 
trolling corrosion damage in production equip- 
ment. 


engineering staff the Production Dept., Shell 
Oil Co., Ventura, Cal. working oil well casing 
corrosion problems and drilling and production 
matters. He has a BS in mechanical engineering, 
1952, Oregon State College and joined Shell on 
graduation. 


F. A. PRANGE—Hlis work in the engineering 
department of Phillips Petroleum Company, 
Bartlesville, Okla. Since 1941 cor- 
rosion and metallurgical problems in the produc- 
tion and refining oil and manufacture petro- 
chemicals. He has a BS in metallurgical engineer- 
ing, Purdue, 1940 and an MS in 1941. 


TRESEDER—Development Supervisor, 
Materials Engineering and Corrosion Dept. 
Shell Development Co., Emeryville, Cal. 1939 
graduate of University of Utah with a BS in 
chemical engineering, he was employed by Shell 
the same year. Since 1940 his work has con- 
cerned research and development on a_ wide 
variety corrosion with 
petroleum and chemical industries. He is author 
and co-author of numerous technical papers, a 
member of several NACE technical committees, 
past chairman of the San Francisco Bay Area 
Section and Western Region. 
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Whittier 


Thin Film Coatings for Protection Under- 
go Pipe Lines by N. T. Shideler and 
Whittier, Pittsburgh Coke Chemical 

Pittsburgh. 


The pipe line industry constantly searching 
for new and better coatings to protect  under- 
ground pipe lines against corrosion. Coatings 
applied hot in thickness of approximately 3/32- 
inch have been predominant great many 
years. Because they are hot applied and they 
require considerable application equipment and 
are subject soil stress and mechanical dam- 
age during installation, an effort is being made 
to develop new cold ‘applied coatings suitable 
for underground pipe using relatively thin films 


Two types cold applied coatings are being 
tested, both based on epoxy resins cured by 
catalytic action, rather than by solvent evapo- 
ration, Epoxy resins used usually kave a molec- 
ular weight range of 350 to 700. The resins are 
catalytically set by amine type catalysts. One 
product is made from. straight epoxy resin, 
solvents and mineral pigments and applied 
mils. The second typeof coating is a combina- 
tion the epoxy resins with coal tar coal 
pitch, solvent and mineral pigments using 
the same type catalyst the first product. The 
latter product can be applied in thicknesses 
ranging from mils either one 
‘wo coats. These coatings have been on test for 
ections pipe. However, moderate lengths 
mall diameter pipe lines have been test for 
pproximately two years, Characteristics both 
oatings include excellent adhesion and resist- 
mineral acids and alkalies and petro- 
‘um products. Both are extremely hard and 
and they are not affected soil stress 
not easily mechanically damaged. Test re- 
ults thus far are excellent. The only disadvan- 
are the time required for polymerization 
the resin and some application difficulties. 
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Pipeline Symposium Will Cover Coatings, 
Cathodic Protection and Potential Data 


Papers coatings and their evaluation, cathodic protection high 
resistivity soil and discussion the theory potentials under- 
ground structures will given during the Pipe Line Symposium 


San Francisco. 


Authors represent two large pipeline companies, leading manufac- 
turer coatings and consulting engineer long experience. 


BIOGRAPHIES 


E. R. ALLEN, JR.—Corrosion engineer, Humble 
Pipe Line Co. since 1949, testing and evaluating 
external pipe line coatings, internal liners 
and sour crude corrosion inhibitors. 1954-56 
Air Force Project Officer worked 


aircraft corrosion from rocket 
Has BS, chemical engineering, 1948, Massa- 
chusetts Institute of Technology and BS, 1949 
general engineering. 


GORDON N. SCOTT—Since 1927 Mr. Scott has 
been engaged in research and consulting work 
connected with pipe line corrosion. He received 
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leadership the field pipeline corrosion control the result 


aggressive service practices, together with the most improved materials available 


KAPCO Rock Shield for pipe protection rocky areas 
Dope Wrap for emergency pipe line repairs 
MAT for reinforcing enamel for lifetime protection underground pipe 


KOTE handy tape for pipeline joint and fitting wrapping 


Hot Cold 
Owens-Corning Fiberglas CORO- 
GLAS- 
KEYSTONE Asbestos 


Felt for high impact and soil acid resistance. 


Midwestern representative within few hours your pipeline requirements 


wherever they are. 


MIDWESTERN PIPE LINE PRODUCTS COMPANY 
1886, Tulsa, Hickory 6-6144 


MT. PROSPECT, ttt. 
Box 225 
Clearbrook 3-4439 


HOUSTON, TEXAS 
#1 Briar Dale Ce. 
Monawk 7-2493 


ATLANTA, GEORGIA 
3131 Maple Drive 
Exchange 1335 


PITTSBURGH, PA. 


PORTLAND, ORE. 
901 N.W. 11th St. 
Capitol 7.3747 


OKLAHOMA CITY, OKLA. 
15 S$. W. 29th St. 
Central 2-2527 


1125 Park 
Express 1-3952 


> 
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Boggs Edmisten 


George 


Use Plastic Engineering Material 


Principal Theme 4-Paper Symposium 


Application plastics engineering material grows fast reliable 
data performance can accumulated. the four-paper Plastics 
Symposium San Francisco, subjects covered are application 
polyvinylchloride pipe, reinforced plastic structures, creep studies and 


application reinforced epoxy pipe. 


One paper considers the influence exerted the engineering use 
polyvinylchloride efforts NACE technical committees. 


ABSTRACTS 


Practical and Recommendations for 
the Use of Polyvinylchloride Sheets and Piping 
NACE Influence Louis Perret, Jos. 
T. Ryerson & Sons, Inc., Chicago. 

Use polyvinly chloride materials the 

United States and Europe is reviewed, with an 

explanation of how they help in solving corro- 

sion problems and their limitation. 

_ Technical education for fabricators and manu- 

facturers is described. 

Application polyvinyl chloride sheets 
described, with suggestions on the choice of 
materials and welding systems for a variety of 
corrosive environments. Correct and incorrect 
ways to install polyvinyl chloride pipe are de- 
fined. Data are given on expansion in PVC 
pipelines. 

The influence of work done by the National 
Association of Corrosion Engineers on PVC 
applications is reported. 


Reinforced Plastic Structures for Corrosion 
Control Severance, Ceilcote Co., 
Cleveland. 

Test results are shown which illustrate the ver- 


ABSTRACTS 
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In general, cost of these coatings applied cold 
to pipe is the same or only slightly higher than 
the cost of the hot applied coatings. 


Cathodic Protection and High Resistivity Soil— 
A Sequel by H. C. Van Nouhuys, Southest- 
ern Pipe Line Co., Atlanta, Ga. 

At the 1953 NACE Conference a paper entitled 
“Cathodic Protection and High Resistivity 
system designed on the basis of the remote 
electrode criterion. This 25-rectifier system rep- 
resented an attempt to obtain solid protection 
of 350 miles of bare 8-inch products pipe line 
the ultra-high resistivity soil Georgia using 
current densities of unusually low order. 

Five years and eight leaks later this sequel 
written. 

Analysis of the leak record is made from 
data obtained each leak location effort 
to properly locate those leaks due to inade- 
quacy of the criterion as opposed to leaks re- 
sulting from rectifier down-time or other unu- 
sual causes. 

A summary is given of the savings to be 
expected from use of this method of design 
over other criteria as well as precautions to be 
taken its use. 


A Coating Evaluation Testing Program by E. 
R. Allen, Jr., Humble Pipe Line Company, 
Houston. 

Factors to be considered in establishing a test- 

ing program for the evaluation of pipe line 

coatings are outlined. Testing procedures are 


satility reinforced plastics solving corro- 
sion problems. Special study has been made of 
resistance to solvents, organic acids and con- 
centrated inorganic acids, which may termed 
applications for plastics. Objective 
to illustrate differences among various polyesters 
and epoxies in specific chemicals. 


A series of tests in wet chlorine at 210 F 
shows wide variations in the resistance of dif- 
ferent brands of polyesters. Results of tests are 
shown graphically. They indicate that com- 
pounds showing best resistance should be worthy 
of extensive field testing. Physical test values 
are given for laminates used in chemical service. 
Laminates should be designed for maximum 
chemical resistance; this does not always paral- 
lel maximum strength. Factors used in engineer- 
ing reinforced plastic structures are also given. 


Numerous photos show the variety equip- 
ment that can fabricated reinforced 
plastics. 


Three-Year Creep Studies on Polyvinyl Chloride 
Pipe and Fittings, G. H. Hunt and H. H. 
George, Tube Turns Plastics, Inc., Louisville. 


Application File on Reinforced Epoxy Pipe by 
Edward D. Edmisten and H. D. Boggs, Fiber- 
cast Corp., Sand Springs, Okla. 


described and the results obtained are discussed. 
New developments in coatings require modifi- 
cation of some testing criteria. 


Base Potentials of Underground Structures by 
Gordon N. Scott, Los Angeles, Cal. 


BIOGRAPHIES 
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the NACE Speller Award in 1955, has a PhD 
in physical chemistry and other degrees from 
University of California. He is author of numerous 
papers on underground corrosion and cathodic 
protection. 


SHIDELER—Since 1930 has been em- 
ployed by various companies producing coal tar 
and, in general, coal tar coatings. He was in 
the research laboratories Reilly Tar Chemi- 
cal Corp. for six years and later was associated 
with Wailes-Dove-Hermiston (later Koppers 
Company) until 1948 when he joined Pittsburgh 
Coke & Chemical Company. He started their 
production of coal tar coatings and for the past 
several years has been handling development, 
production and sales coal tar coatings ex- 
clusively. He recently was appointed president 
of Insul-Mastic, Inc., a subsidiary of Pittsburgh 
Coke Chemical and directs its research activi- 
ties as well as those of Pittsburgh Coke. 


engineer, Southeastern Pipe Line Company 
Since 1934 he has been engaged in various en 
gineering phases of pipelining. He has a BS, 
1934, electrical engineering, University Michi- 


ENGINEERS 


Perret Severance 


BIOGRAPHIES 


H. D. BOGGS—General manager, Fiberca:t 
Corp., Sand Springs, Okla. He was with Glen 
L. Martin Aircraft Co., resigning as assistant 
the vice-president and general manager: was 
production manager for two years with 
3irmingham Mfg. Co. and is a graduate of Co- 
lumbia Tech in aeronautical engineering. He has 
been interested reinforced plastic products and 
their development since 1947. 


EDWARD 
manager, Fibercast Corp., Sand Springs, Okla., 
he has degrees in chemistry and petroleum en- 
gineering from University of Tulsa and Okla- 
homa Baptist University. For years was 
the field and research centers of Pan-American 
Petroleum Co. He is a member of ATME, ASM, 
SPI and ASTM. 


HENRY GEORGE—Manager research 
and chief products engineer, Tube Turns, a di- 
vision National Cylinder Gas Co. has 
been with Tube Turns since 1944, and had pre- 
viously been employed in various capacities by 
Jones and Laughlin Steel Corp., Pittsburgh Water 
Heater Co., Wm. Scaife Co. and with Techni- 
color as a motion picture engineer. He has a 
BS, physics and engineering, 1935, University of 
Pittsburgh; MS, physics, 1939 and worked 
toward a PhD until 1942. He is a member_of 
American Institute Physics, Society for Ex- 
perimental Stress Analysis, American Society for 
Metals and Kentucky Society for Professional 
Engineers. 


GEORGE HUNT, research 
and quality control for Tube Turns Plastics, Inc. 
since June, 1957, he was a research and develop- 
ment engineer for his employer for year before 
taking his present position. He has a BA in 
physics, University Louisville, mem- 
ber American Society for Quality Control and 
Sigma Phi Sigma, physics honor society. 


LOUIS 1955, plastics en- 
gineer and technical adviser in Joseph T. Ryer- 
son & Sons, Chicago. A native of Italy, he 
graduated from Italian technical schools, was 
in the Italian army 1931-32. After two years of 
training the chemical construction engineer- 
ing office, Paris, he became plant superintendent 
in coal and by-products distillation in Marquise, 
France; for two years he was superintendent in 
elycerin-fatty acids and = sulfonation plant in 
Borgars, Italy and during 1945-55 was plant 
manager and sales manager in a polyvinyl chloride 
extrusion and fabrication plant in Turin. 


Ww. A. SEVERANCE—Chief chemist, The Ceil- 
cote Co., Inc. in charge of research, develop- 
ment and technical service for corrosion resistant 
materials of construction. He has a BS, 1939, in 
chemistry, University of Wisconsin. He formerly 
was employed as materials control chemist, May- 
tag Company, 1939-42; chemist in research and 
development, Parker Appliance Co. He joined 
Ceilcote in 1949, 


gan. During World War II, he was with the 
Sienal and Air Corps training center staff 
officer, and technical officer radar research 
and development laboratories. Ife has been a 
regional officer and presently is a member of 
the NACE board of directors. 


coating research and development at Vittsburgh 
Coke and Chemical Co. has been employed 
by United States Testing Laboratories, and from 
1935 to 1946 was employed by Barrett Division, 
Allied Chemical Dye Corp. research chemist. 
technical representative on coatings and chie! 
plant chemist. graduated from Bowdoin Col 
lege in 1933. Almost all of his work since gradu 
ation has been on coatings. 
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Ultimate Reasons for 
Reactions Considered 
Three Papers 


investigation into the ultimate reasons 
reactions important because they 
illustrate the principles that apply 
deterioration. Three papers 
‘he Corrosion Principles Symposium 
onsider some the fundamental as- 
corrosion processes. 

Electron microscope studies single 
crystals are covered one paper 
which the describes the reac- 

single large crystals under cor- 
conditions. Another paper ana- 
literature pitting corrosion for 
last years and third paper dis- 
usses surface area relationships 
and corrosion. 


ABSTRACTS 


‘orrosion of Metal Single Crystals as Seen 
With the Electron Microscope Kenneth 
R. Lawless, Dept. of Chemistry, University 
of Virginia. 
importance looking metal surface, 
voth before and after corrosion, should be obvi- 
sus. All too frequently, however, measurements 
m corrosion are reported in which no informa- 
‘ion is available on the structure before and 
ifter the reaction. This paper will report some 

the structure surfaces cop- 
per single crystals and large grain crystals with 
grain and sub- grain boundaries, before and after 
-orrosion in air and in copper sulfate solution, 
particularly as observed with the electron micro- 
scope. 

Use of single crystals makes possible the study 
the effects crystal face and imperfec- 
tions within the crystal. Large grained samples 
have been used studying the effects grain 
and sub-grain boundaries. Utilization of the 
high resolving power and depth of field of the 
electron microscope makes possible the obser- 
vation in deail of many phenomena such as 
etching and oxide growth which could not be 
satisfactorily studied other techniques. 

The amount and type of oxidations varied 
markedly with crystal face. Under oxidizing 
conditions, three types of structure occurred: 
1. A thin polycrystalline oxide next to the metal. 
2. Small oriented single crystal oxide nuclei, 
and 3. Large oriented single crystal polyhedra 
with well formed shapes. In the case of oxida- 
tion in solution, spirals were seen on the larger 
oxide figures. The effect of grain boundaries was 
very complex, results depending on the angle 
tilt between the crystals and their spe- 
cific orientation. some cases very large oxide 
polyhedra were observed on a grain boundary, 
in other cases rows of polyhedra were parallel 
boundary, but not it, and other cases 
oxide polyhedra did not form boundary. 

The type and amount of etching varied with 
crystal face, the pH of the etching solution, 
the history of the sample, i.e. whether strained, 
or whether annealed in hydrogen to remove any 
oxide film and on the presence of imperfections 
in the crystal. 

Some examples “catalytic corrosion” 
a metal surface also are shown. 


A Critical Analysis of Pitting Corrosion by M. 
G. Fontana and N D. Greene, Dept. of 
Metallurgical Eng., Ohio State University, 
Columbus. 

A critical analysis of the literature on pitting 
corrosion published during the past 35 years. 
The definition of pitting, the occurrence of pit- 
ting and the factors influencing this type of 
attack are considered. Electrochemical, morpho- 
logical and physicochemical aspects are dis- 
cussed. An examination of the theories of pit- 
ting and the methods used to study this form 
corrosion are also presented. 


Surface Area Relationships Polarization and 
Corrosion Milton Stern, Metals Res. Lab., 
Electro Metallurgical Co., Div. Union Car- 
bide Corp. 

Polarization behavior of surfaces containing 
regions which exhibit different overvoltage 
parameters for the same reaction are described. 
Also, the effect of cathode area fraction on cor- 
rosion potential and corrosion rate is consid- 
ered for a corroding surface controlled by acti- 
vation polarization. It is shown that the 
corrosion potential and corrosion rate are most 
sensitive area changes when the surface 
largely cathode or anode. The corrosion current 
reaches maximum when the surface equally 
divided into anodie and cathodic regions. 
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Fontana 


BIOGRAPHIES 


MARS G. FONTANA—Projessor of metallurgi- 
cal engineering and research for Ohio State Uni- 


Lawless Stern 


versity, he is a past president of NACE. He holds 
several degrees and has received numerous honors 
from engineering societies for his work on cor- 
rosion control. An author and co-author of techni- 
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orrosion Can Take Holiday 


PIPE COATINGS AND WRAPPINGS PROTECTIVE PAINTS 


Tinker and Rasor Holiday Detectors can assure this fact. They are 
insurance policy that you are getting what you pay for applied protective 
coatings. Tinker and Rasor pipeline (jeeps) holiday detectors are your 
inspector’s right hand. They can give him the best quality control possible. 
transmission lines can spot trouble, soon develops, such 
clogged sprays dope machine (which leaves pipe uncoated but covered 
with outerwrap), carbonized particles bitumens, etc. 


Patent #2629002 (electrode) 
SHOULDER-PACK 


Tinker and Rasor shoulder-pack holiday 
detector designed give the best possible 
inspection. offers adjustable voltage out- 
put range from 5,000 20,000 volts sharp 
pulse type voltage which puts less stress 
protective coatings. This equipment avail- 
able with conductive silicone brush type 
electrodes (non-fouling soft coatings), for 
inspecting flat irregular surfaces and with 
full and half circle spring electrodes. This 
model will inspect damp dry coating 
equally well and, all Tinker and Rasor 


detectors, has audible bell signal. 


LINE-TRAVELING 


The model self-contained line-traveling 
detector, has its own power supply (wet cell 
battery); needs ground wire and operates 
equally well damp dry pipe. Adaptable 
any size transmission pipelines. 


MODEL 


PAINT AND THIN FILM 


Tinker and Rasor Model detector used 
for inspection thin films where complete 
protection necessity. The detector has 
bell alarm signal and equipped with 
leather case and belt loop. The potential 
inspection volts. Not spark detector, 
operates with damp cellulose sponge 
mounted phenolic wand handle. Pin 
holes can pin pointed using corner 
the sponge once holiday has been detected. 


417 Agostino Box 281), SAN GABRIEL, CALIF. 7-7942 


DISTRIBUTORS: Crutcher-Rolfs-Cummings, Inc., Houston, Texas, Remco Man- 
ufacturing Company, Inc., Tulsa, Oklahoma, Canadian Equipment Sales and 
Service, Ltd., Edmonton, Alberta, Bob Herrick, Rentals and Service, Harris- 
burg, Penna., Falcon Line Products Corp., Elizabeth, N.J. 

Export Agents: Frazar and Hansen, Ltd., San Francisco, Calif. 
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Pulp, Paper Corrosion 
Topic Three Papers 


Baisch Lundberg 


Three papers dealing with the problems 
pulp and paper manufacturers are ex- 
pected attract wide attention among 
engineers this industry the North- 
west and Western Canada. The 
papers cover corrosion activities the 
Technical Association the Pulp and 
Paper Industry, corrosion associated 
with “wet strength” solutions and those 
encountered sulfur burning and acid 
making. 


Review Recent Corrosion Activities the 
Technical Association of the Pulp and Paper 
Industry by Steve Basich, Thilmany Pulp and 
Paper Co., Kaukauna, Wis. 

Digester Corrosion Sub-Committee was formed 
in February 1950 under the chemical engineer- 
ing committee of the Technical Association of 
the Pulp and Paper Industry immediately after 
the Kraft pulping section reported a severe cor- 
rosion problem in digesters. 

After five years of investigation and publica- 
tion of much data, the subcommittee was ex- 
panded to a full committee so other major cor- 
rosion problems in the industry could be con- 
sidered. 

Some the activities and scope planned 
activities in combatting corrosion in pulp and 
paper making are reviewed. 


Materials, Behavior and Corrosion Character- 
istics Paper Mill “Wet Strength” Solu- 
tions by I. S. Levinson, Ampco Metal, Inc., 
Milwaukee. 

Some corrosion and its effect on volume and 

quality of product resulting from acidified solu- 

tions containing certain melamine resins used to 
impart ‘“‘wet strength” to papers is reviewed. 

Testing programs instituted as a result of this 

corrosion and aluminum bronze equipment de- 

signed to replace other materials suffering corro- 
sion damage are described. 


BIOGRAPHIES 


STEPHEN J. BAISCH—Chief design engineer, 
Thilmany Pulp and Paper Co., Kaukauna, Wis., 
he has a BS, 1942, in mechanical engineering. 
University of Wisconsin. For three and a half 
years during World War was officer 
the Army Ordnance Department. chair- 
man the Technical Institute the Pulp and 
Paper Industry Corrosion Committee, past chair- 
man of the Lake State Tappi Section and a dele- 
gate frem Tappi to the NACE Inter Society Cor- 
rosion Committee. 


LUNDBERG—A member the firm 
A. H. Lundberg, Inc., Seattle, Wash. Born and 
educated in Sweden, he was employed in Canada 
1921 chief chemist, Bay Paper 
pany, now Consolidated Paper Co., Port Alfred, 
P. Q. and Fraser Companies, Ltd., Edmundson, 
until 1924 when joined Jenssen 
Co., New York project engineer. 1927 
moved Seattle Western manager for Jenssen 
and 1932 started his own business. 


CORROSION ENGINEERS 


Dravnieks 


Freedman 


Schillmoller 


Useful Data Refinery, Petrochemical 
Corrosion Presented Symposium 


The active segment members NACE interested controlling 
rosion oil refineries and petrochemical plants will find 
useful information the four papers scheduled for the Refinery Indus- 
try Symposium San Francisco. Data inhibitors will given one 
paper authors who frequently contribute information this field. 
Three other papers cover tubular products for elevated temperatures, 


sour water strippers and tank ships. 


ABSTRACTS 


Evaluation Refinery Corrosion Inhibitors 
A, J. Freedman and A, Dravnieks, Standard 
Oil Company of Indiana, Whiting, Ind. 

Since reproduction of refinery operating condi- 
tions in the laboratory is difficult, most labora- 
tory testing of refinery corrosion inhibitors has 
been unreliable. For this reason, inhibitors for 
refinery use have been selected mainly the 
basis qualitative field trials. Such tests are 
expensive and subject to many independent, non- 
controllable variables, 

Frequently, failure of corrosion inhibitors to 
provide satisfactory protection can be traced to 
specific environmental factors. Therefore, new 
laboratory tests for commercial 
sion inhibitors have been developed simulate 
closely certain features of actual field conditions. 
Inhibitors have been evaluated for corrosion pro- 
tection in light naphtha condensers, distillation 
towers, special high temperature locations, high 
velocity service, narrow crevices, and for im- 
pingement attack. 

These test data show conclusively that no 
single corrosion inhibitor can be expected to pro- 
vide satisfactory corrosion protection in all re- 
finery locations. Plant results obtained with elec- 
trical resistance corrosion probes corroborate the 
laboratory evaluations. 


Some Corrosion Considerations in Selection of 
Tubular Products for Elevated Temperature 
Service by Thomas Krebs. 

Corrosion in Sour Water Strippers by J. F. 
Mason, Jr., and C. M. Schillmoller, The In- 

ternational Nickel Co., Inc. 


Corrosion Prevention Tankers and Storage 
Tanks by Fogging or Flotation with an In- 
hibitor Solution by J. C. D. Oosterhout, M. E. 
Stanley and W. S. Quimby, The Texas Com- 
pany, Port Arthur, Texas. 


BIOGRAPHIES 


ANDREW DRAVNIEKS—Head Corrosion 
Section, Material Div., Engineering Research 
Dent, Standard Oil Comnany 
tended University of Latvia and Marburg Uni- 
versity, Germany and received a PhD, 1949, 
Illinois Institute of Technology. His work in- 
cludes paint technology, polarography surface 
chemistry and the kinetics 
esses. 


FREEDMAN—Project engineer, Corrosion 
Section, Materials Div., Engineering Research 
Dept., Standard Oil Company (Indiana) Whiting. 
He has a PhD, 1948, New York University and 
before joining Standard worked at Massachusetts 
Institute of Technology, Los Alamos Scientific 
Laboratory and University New Mexico. 


CHARLES SCHILLMOLLER—Now with 
The International Nickel Co., Inc., Los Angeles, 
he formerly was a corrosion engineer for Rich- 
field Oil Corp. where worked refinery prob- 


lems. Ile was educated in Holland, received a 
degree chemical engineering 
of Sydney, Australia and was a pilot in the 
Netherlands Air Force from 1941 to 1947. 


BIOGRAPHIES 
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cal articles corrosion process and control 
and test procedures, he is a consultant on corro- 
sion problems for several large industrial firms. 


KENNETH LAWLESS—Since 1952 Research 
Associate, Department of Chemistry, University 
of Virginia, he was a Fullbright Fellow, Metai- 
lurgical Institute, Norwegian Technical High 
School, Trondheim, 1951-52. He has a BS, 1946, 
in chemistry, Lynchburg College; certificate in 
meteorology, University of California at Los 
Angeles, 1943 and PhD, 1951, in chemistry, Uni- 
versity of Virginia. His field of specialization in- 
cludes single crystal chemistry, with emphasis on 
structure of surface and chemical products 
formed them; x-ray, electron diffraction and 
electron microscope techniques. 


MILTON STERN—A 
Metals Research Laboratories, Electro Metal- 
lurgical Company, Union Carbide Corp., has 
conducted fundamental research studies elec- 
trode potential behavior, corrosion inhibitors, 
cathodic protection intergranular corrosion, at- 
tack by chlorinated solvents and high temperature 
oxidation. He has a ScD in physical metallurgy 
from Massachusetts Institute of Technology, 
1952 and was the Weirton Post-Doctoral Fellow 
1954. received the Electrochemi- 
cal Society’s Young Author Award 1955 and 
is a member of several engineering societies, in- 
cluding NACE. 


Refinery Round 
Table Discussion 


The second half the Refinery Indus- 
try Symposium will devoted 
round table discussion refinery indus- 
try corrosion problems. Manuel, 
Socony Mobil Oil Company will act 
moderator and officers NACE Group 


Committee T-8 Refining Industry 
Corrosion will act panel. Officers 
T-8 are Holmberg, consultant, 
Chairman; Backensto, Socony Mobil 
Oil Company, vice-chairman; Cecil Phil- 
lips, Humble Oil and Refining Company, 
secretary. 

Members T-8 will asked sub- 
topics for discussion the round 
table. 
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Scharfstein 


Lichtenberger 


Lead Sheathed Cables, Stainless Steels Are 


Topics for Utilities Symposium Papers 


papers discuss the corrosion problems associated with lead sheathed 
bles underground during the Symposium San 
Francisco. The other two papers the symposium relate stress cor- 
cracking stainless steels chlorides and effect seawater 


steel traveling screens. 


One the cable papers considers the economically important problem 
protecting lead sheaths exposed de-icing salts. 


Discussion Measures Used Correct Dif- 
ferential Aeration Corrosion of Partially Sub- 
merged Lead Sheathed Telephone Cable by 
David Jones. 

Telephone lead sheathed cables congested 
metropolitan areas generally are installed in a 
multi-duct structure with manholes spaced ap- 
proximately 500 600 feet apart. The conduit 
structure usually graded toward the manholes 
for drainage. However, foreign substructures 
sometimes necessitates dips the conduit struc- 
ture, 


If these dips are not drained, water is en- 
trapped. This water entrapment is discussed with 
reference lead sheathed telephone cable corro- 
sion resulting from differential aeration. Solu- 
tion of the problem by various means is discussed 
case histories. 

Cathodic protection was tried and the problems 
involved obtaining sufficient protective current 
without causing interference to foreign substruc- 
tures discussed also. 


Cathodic Protection Lead Cable Sheath 
the Presence De-Icing Salts Walter 
Bruckner and Wayne Lichtenberger, Uni- 
versity Illinois, Urbana. 

Data obtained the cathodic protection labora- 

tory in the Electrical Engineering Department of 

the University Illinois are 
vious paper this subject CORROSION for 

February 1957 showed that complete protection 

of sheath could be effected in a constant current 

system even in the presence of high salt content 
and pH. Relationship of protective potentials to 
pH and salt concentration now has been estab- 
lished for commercial lead sheath alloy compo- 
sition and shown substantially the same 
given the Pourbaix diagram for pure lead. 


The use potential gradient for 
thodes was developed provide simulated duct 
tests. Data from gradient tests gave information 
on effects of salt concentration, pH and poten- 
tial corrosion behavior lead when fully im- 
mersed and partially immersed, Criteria for effec- 
tive cathodic protection are shown different 
for portions of the lead cathode below, at, and 
above the water line. Most severe corrosion con- 
ditions at the air-solution interface require a 
more negative voltage for protection than for 
ireas below the interface. Distribution of poten- 
tial along the gradient as a function of salt con- 
tent, type salt and current input the cell 
shows some important aspects considered 
the field possible regions corrosion hazard. 


Chloride Stress Corrosion Cracking Austeni- 
tic Stainless Steel—Effect Temperature and 
pH by Lawrence R. Scharfstein and William 
F. Brindley, Westinghouse Bettis Atomic 
Power Div., Pittsburgh, Pa, 

Overstressed U-bends o Types 304 and 347 stain- 

less steels were exposed water containing 

550 ppm chloride ion at temperatures of 165 

185, 200, and 500 F. The pH was controlled 

mens was made ascertain the initiation 
cracks. high pH, cracks appeared the edges 


with little evidence of piting; at the neutral pH, 
cracks were found both at edges and associated 
with pits. Oxygen content the water was 
important variable, especially its effect ac- 
celerating pitting stainless steel. Sensitized 
Type 304 stainless steel had longer and deeper 
cracks than annealed Types 304 and 347 in the 
same exposure time. Where boiling or alternate 
wetting and drying of the stainless steel U-bends 
did not occur, chloride stress corrosion cracking 
the U-bends was prevented alkaline phos- 
phate treatment. 


Corrosion Experience With All-Stainless Steel 
Traveling Screens Seawater William 
Jakway. 


BIOGRAPHIES 


WILLIAM F. BRINDLEY—Materials engineer, 
Westinghouse Bettis Atomic Power Division. He 
has BS, University Pittsburgh 1949. 
has been engaged in evaluation of materials for 
and development procedures for nuclear 
powered components. 


WALTER BRUCKNER—Research associate 
professor of electrical and metallurgical engineer- 
ing University Illinois. also technical 
director of the university’s cathodic protection 
laboratory. Before coming the university 
1938 he was on research staffs at Naval Research 
Laboratory, American Smelting Refining Co. 
and Crucible Steel Co. His work has been 
physical metallurgy, fatigue, welding, brittle 
fracture and corrosion. member sev- 
eral engineering organizations including NACE. 


DAVID JONES—Supervising Construction 
Foreman with Pacific Telephone and Telegraph 
Co., Los Angeles. He graduated from California 
electrical engineering. His work includes outside 
plant engineering, construction and maintenance 
and plans and specifications for 
telephone plant cable and wire installations. He 
has been charge transmission tests trunk 
and toll cables for the Southern Area of his 
company for years. Past chairman Western 
Region and Los Angeles Section NACE, he is 
registered professional engineer California. 


LICHTENBERGER—Research 
ciate, Controls System Laboratory, University 
of Illinois, he formerly was employed at the 
university’s cathodic protection laboratory. He 
has a BS in electrical engineering, 1955, Uni- 
versity Illinois and 1956. de- 
signed and built much the equipment the 
cathodic protection laboratory and has specialized 
in electronics and circuits. He has received sev- 
eral honors in recognition of his work at the 
university. 


L. R. SCHARFSTEIN—Senior engineer, West- 
inghouse Bettis Atomic Power Division, Pitts- 
burgh, he evaluates corrosion resistance of ma- 
terials high purity water and related systems. 
He has a BS, 1946, chemical engineering, 
State University, and PhD, 1953, 
physical chemistry, New York University. 


107 


Your key 

more than 

3300 technical 

articles and books 

corrosion 


control 


1952-1953 


BIBLIOGRAPHIC 
SURVEY 


CORROSION 


NACE 
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TECHNICAL PROGRAM 


Chronological Schedule 


Following chronological summary 
most the technical program arranged 
for the March 17-21 Fourteenth Annual 
Conference and Exhibition San Fran- 
cisco: 


Monday, March 17 


Afternoon: Symposia—Pipe line, Protective 
Coatings, Part 1; Refinery Industry, Part 1. 


Tuesday, March 18 


Morning: Symposia—Protective Coatings, 
Part Oil and Gas Production, Part 
Chemical Industry, Part 


Wednesday, March 


Mornings: Symposium—Corrosion Principles, 
Refinery Industry, Part 2; Underground Cor- 
rosion Coordinating Round Table and T-7 
meeting; Corrosion Inhibitor. 

Afternoon: Symposia—Cathodic Protection, 
General Corrosion, Part 1; Chemical Indus- 
try, Part 2. 


Thursday, March 20 


Morning: Symposia—Elevated Temperature, 
Utilities, Oil and Gas, Part 2; Chemical 
Industry, Part 3. 

Afternoon: Symposia—Plastics, General Cor- 
rosion, Part 2; High Purity Water. 


Friday, March 21 


Morning: Symposia—Marine, Pulp and Paper, 
Aircraft Industry. Pipeline and Underground 
and General Corrosion Round Tables. 


Four Round Tables 


Set for Conference 


addition symposia, four round 
table sessions are scheduled during the 
14th Annual Conference technical pro- 
gram. Formerly two round tables were 
corrosion and general corrosion prob- 
lems. The third and fourth, added this 
year, are conjunction with T-7 Cor- 
rosion Coordinating Committee and with 
T-8 Refining Industry Corrosion 
committee. 

They will held follows: 
Wednesday morning, March 19, Civic 

Auditorium. Refining Industry Round 

Table. Manuel, Socony Mobil 

Oil Co., Moderator. 

Wednesday morning, March 19, Civic 
T-7 and Underground 
Corrosion Coordinating Round Table. 
Erickson, Jr. The People’s Nat- 
ural Gas Co., Pittsburgh, chairman; 
Mercer, Southwestern Bell Tele- 
phone Co., Houston, co-chairman. 

Friday morning, March 21, Civic Audi- 
General Corrosion Problems 
Round Table, Joy, Brumley- 
Donaldson Co., Huntington Park, Cal., 
chairman; Joseph Bigos, U.S. Steel 
Corp., co-chairman. 

Friday morning, March 21, Civic Audi- 
torium. Pipe Line and Underground 
Corrosion Round Table. Hunter, 
Jr., Service Pipe Line Co., Tulsa, 
chairman. 


Turn Page for 
Chronological List 

Technical Committee 
Meetings 

San Francisco 


ENGINEERS 


Only Booths San Francisco Show 
Are Not Allocated; New Exhibitors Named 


All but the 120 booths laid out 
for the NACE 14th Annual Exhibition 
San Francisco’s Civic Auditorium 
have been taken. The exhibition will 
open March 18-20 concurrently with the 
14th Annual Conference. 

Since publication the supplementary 
list exhibitors’ names Page 108 
CORROSION’s December 
more firms have reserved space. Other 
lists exhibitors have been published 
October, Page 112 and November, 
Page 126. 

Added firms are listed below: 


Armour Chemical Div., Armour & Company, 
Chicago, Ill. 


Corning Glass Works, Corning, New York 


Electro Rust-Proofing Corporation, Belk ville 
9, N. 


Fisher Research Laboratory, Inc., Palo Ito, 
Cal, 


Inertol Company, Inc., San Francisco, C |, 


Polyken Sales Div., The Kendall Comp iny, 
Chicago, Ill. 


Phelps Dodge Copper Products Corpora ion, 
Los Angeles, Cal. 


Royston Laboratories, Inc., Blawnox, P tts- 
burgh, Pa. 


Shell Chemical Corporation, New York, \.Y, 
Tinker & Rasor, San Gabriel, Cal. 


CASING CORROSION 
PROBLEM YOUR WELLS? 


This case history tells how three companies stopped external casing 
corrosion their and gas wells Western Kansas, was 
thought that Dakota water was the cause most the corrosion. 
The companies called CSI survey the wells and determine 
the current requirements for cathodic protection. These ranged from 
0.8 3.10 amperes. Then CSI was engaged complete the job. 
Galvomags, Dow’s high-potential magnesium anodes, were installed 
protect the casing. CSI furnished all engineering, labor, materials 
and installation equipment, including power augers and ditchers. 


The cost averaged $350 per well—for installations designed 
give years protection. The work took days. 


Call write today for engineering installation help with your 
corrosion problems—well casing, pipe line, etc. CSI also offers 
complete line quality cathodic protection materials competitive 
prices. Estimates quotations without obligation. 


Box 7343, Dept. C-1 


CORROSION SERVICES 


INCORPORATED 


Tulsa, Oklahoma 
Telephone: Circle 5-1351 


u 
q 


Company, 


York 
Belle ville 


Palo \lto, 


sco, Cl, 
Comp iny, 


orpora ion, 
Ox, FP tts. 


York, N.Y, 


Numerous Items 
Agenda Related 
Corrosion Problems 


Numerous papers and discussions 
corrosion workers concerned 
vith the application reinforced plastic 
aaterials will given during the Feb- 
uary 4-6 Thirteenth Conference the 
society the Plastics Industry, Inc., Re- 
uforced Plastics Division. The meeting 
vill held the Edgewater Beach 
Chicago. 

Among the items interest scheduled 

Thursday, February 

High-Strength Epoxy Lami- 
nates, Harry Raech, Jr., Northrop Air- 
craft, Inc. and Fred Harris, Grand 
Central Rocket Co. 

Curing Conditions Physical 
Properties, Grant Brown, Cordo 
Chemical Corp. 

Determination Cure State Rein- 
forced Plastics Dielectric Measure- 
ments, John Knudsen, Delsen Corp. 

Improvement Reinforced Plastics 
Fibers from New Glasses, James 
Case, Dept. Navy; Albert Lasday 
and Frees Brassy, Houze Glass 
Corp. 

Mechanical Properties Glass Rein- 
forced Casting Resins, Segal, 
Hughes Aircraft Co. 

Glass Fabric-Base Laminate Physical 
Properties Function Finishing 
Variables, Richard Horton and 
Henry Falls, Stevens Co., 
Inc. 

Bond Resin Glass, Anderson 
and Healy, Smith Corp. 
Long-Term Rupture Strength Glass 
Reinforced Plastics, Goldfein, 
Army Engineer Res. Dev. Lab., Fort 

Belvoir, Va. 

Unidirectional Glass Reinforced Plastic 
Ring Structures, Chessin, General 
Electric Co. 

Creep Laminated Epoxies, John Del- 
monte, Furane Plastics, Inc. 

Laminates Reinforced With Asbestos, 
Norman Wahl and Harold Pres- 
Cornell Aeronautical Laboratory, 
nc. 

Some Factors Influencing Durability 
Glass Reinforced Laminates, Arthur 
Smith and John Lowry, Rohm 
Haas Co. 

Application Reinforced Plastics 
Transportation Uses, Alan Cripe, 
Chesapeake Ohio Railway. 

Reinforced Plastics Architectural Ap- 
plications, Attilio Forte and Warren 
Richardson, Holabird Root Bur- 
gee. 

Effects High Intensity Thermal Radi- 
ation Plastic Laminates, 
Schwartz and Lisle, Wright Air 
Development Center, Wright-Patter- 
son Air Force Base, Ohio. 

Effects Elevated Temperature and 
Erosion Reinforced Plastic Lami- 
nates, Norman Miller and Eric 
Straus, The Martin Co. 


Reinforced Plastics Will Given 


Behavior Reinforced Plastics Very 
High Temperatures, Shenker and 
Gruntfest, General Electric Co. 


Wednesday, February 


Fundamental Studies Adhesion, 
Bickerman, Massachusetts Institute 
Technology. 

Resin-Glass Bond Characteristics, 
McGarry, Institute 
Technology. 

Behavior Fibrous Glass Laminates 
From Interior Strain Measurements, 
Richard Chambers, Massachusetts 
Institute Technology. 

Effect Polyester Resin and Process 
Variables Properties, 
William Carson and Arthur 
Smith, Rohm Haas Co. 

Contour Weaving Reinforcement, 
Campman and Edward Koppelman, 
Raymond Icer Engineering Co. 


Thursday, February 
Reinforced Plastic Transportation 
Equipment: Bright Future, Kenneth 
Sanders, The Heil Co. 
Development 
Wound Pressure Vessels, George Ep- 
stein, Harry King and Robert 
Bandarzewski, Aerojet-General Corp. 
Plastic Boats the United States Navy, 
Cdr. Fears and Henry Shek, 
Dept. Navy, Bureau Ships. 
Reinforced Plastics and Protective Coat- 
ings for Wood, Richard Mark, Balsa 
Ecuador Lumber Corp. and Bert 
Zuckerman, wood pathologist. 


Anti-Corrosion Compound 
Developed Hungary 


Development successful anti-cor- 
rosive compound called 
claimed the Research Institute for 
Heavy Chemical Industry (Nehezvegyi- 
pari Kutato Intezet) Veszprem, Hun- 
gary, some miles Buda- 
The research laboratories, 
established 1950-52, concentrate 
largely research associated with fer- 
tilizers. 

new method was developed for treat- 
ment rock phosphates which produces 
the fertilizer which 
resistance hygroscopic caking. 

The institute has produced also refrac- 
tory bricks from indigenous materials 
and structural material from blast fur- 
nace slag, substitute for acid and wear- 
resistant steel. Considerable work done 
also uses for coal, especially produc- 
tion gas, and exploitation the coal 
tar chemical residues from coking opera- 

The institute functions site for ex- 
amination the theoretical and econom- 
ical aspects industrial chemical opera- 
tions, operates pilot plants and supplies 
technicians consultants the heavy 
chemical and stray Hungary. 

Details the institute’s operations 
were supplied English-language 
trated booklet German. 
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Prace Konferencji Elektrochemicznej. 
(In Polish, Russian and German) 890 
pages, inches, cloth. 1957. 
The Institute Physical Chemistry 
the Polish Academy Sciences, 
Warsaw, Poland. Availability not in- 
dicated. 

Reports delivered the November 1955 

electrochemical conference held War- 

saw under auspices the Polish Acad- 
emy Sciences. 


Atomic Energy Facts. 216 pages, 
10% inches, paper. September, 
1957, United States Atomic Energy 
Commission. Superintendent Docu- 
ments, Government Printing 
Office, Washington 25, Per 
copy, 

summary atomic activities inter- 

est the industry. The book identi- 

fied the first series books 
sponsored the AEC part its 
industrial information program. 

Contents include discussion the 
pattern atomic energy, economic and 
manpower requirements, effect indus- 
try, the work government the 
atomic energy program, licenses, patents 
and industry and international atomic 
cooperation. 

Organization and functions the 
AEC are described. Production ura- 
nium and thorium described with 
some information locations prin- 
cipal ore deposits. Power reactors are 
extensively considered with data 
costs, design, experimental program, 
fuel cycles, fuel svstems, separation 
processes, waste disposal, use fission 
products. 

Reactor materials are considered for 
heavy water, with special attention 
reactor grade graphite production, beryl- 
lium and zirconium. Characteristics 
research reactors are detailed and the 
development and use isotopes con- 
sidered. 

Appendices give categories restricted 
data available holders access per- 
mits, depositories atomic data, rules 
the commission and extensive tabu- 
lated data power reactors. 


Tin Grown for 
Superconductivity Tests 


Tin were grown rapidly 
from the polished edges stack 
tin-plated steel squares when pressure 
several thousand pounds per square 
inch was applied the top the stack. 
This technique produced filaments about 
0.02-inch long and about 
diameter for studies superconductivity 
the National Bureau Standards. The 
experiments showed that magnetic field 
restores resistance the “whisker” while 
superconducting state. 
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British Scientist Sees 


Corrosion Definite 
Branch Science 


“Corrosion coming increasingly 
science—namely, that which deals with 
the reactions between metals and their 
non-metallic environments.” This quota- 
tion from the lecture “metallic Corro- 
Vernon, consultant, before the Institu- 
tion Civil Engineers, 1957, indicates 
that Mr. Vernon believes corrosion 
study rewarding specialization. 


Mr. Vernon also comments exten- 


sively the various corrosion processes 
involved electrolytic and metal-gas 


reactions well the various kinds 
indigenous mechanisms limiting cor- 
rosion some materials. Consideration 
given also enumeration various 
principles that are involved: viz, 
ciple the controling factor, critical 
humidity, and others. 

Principles involved the various 
methods adopted mitigate corrosion 
are defined and considerable attention 
paid the economics corrosion pre- 
vention, including painting and cathodic 
protection. Aggregate costs corrosion 
are also enumerated, including esti- 
mate corrosion losses the United 
Kingdom for 1955 406 million pounds 
sterling. 

Numerous data are given also the 
value alloys used for corrosion pre- 
vention, cost equipment deterioration, 
including motor vehicles and some costs 
specific industries and public services. 


WORLD WIDE NEWS CORROSION 


the General News Section CORROSION items about the corrosion con- 
trol activities organizations all over the world are published. This permits 
CORROSION readers keep abreast events abroad well those the 
United States. During recent months items have been published about Belgium, 
France, England, Italy, Japan, The Netherlands, Germany, Poland, Roumania, 


Russia and other countries. 


TECHNICAL 
REPORTS 


Corrosion Oil and 
Gas Well Equipment 


T-1A Survey Corrosion Control Cali- 
fornia Pumping Wells. A Report of 
T-1A on Corrosion in Oil and Gas Well Equip- 


$50" Los Angeles Area. Pub. 54-7. Per Copy, 


Current Status Corrosion Mitiga- 

tion Knowledge on Sweet Oil Wells. 
A Report of Technical Unit Committee T-1C 
Sweet Oil Well Corrosion. Per Copy, $.50. 


Field Practices for Controling Wa- 
ter Dependent Sweet Oil Well Corro- 
sion. Report Technical Unit Committee 
T-1C Sweet Oil Well Corrosion, Compiled 
by Task Group T-1C-1 on Field Practices. 
Pub. No. 56-3, Per Copy $1.00. 
TP-1D Sour Oil Well Corrosion. Corrosion 
August, 1952, issue. NACE members, 
$.50; Non-members $1 Per Copy. 


TP-1G_ Field Experience With Cracking of 

High Strength Steel Sour Gas and 
Oil Wells. (included Symposium Sulfide 
Stress Corresion.) (Pub. 52-3) Per Copy, 
more copies one address, $.50 Per Copy. 


T-1G Sulfide Corrosion Cracking of Oil 

Production Equipment. A Report of 
Technical Unit Committee T-1G on Sulfide 
Stress Corrosion Cracking. Pub. 54-5. $.50 
Per Copy. 


T-1G Hydrogen Absorption, Embrittlement 

and Fracture Steel. Report 
Sponsored Research Sulfide 
Stress Corrosion Cracking Carried on at Yale 
University, Supervised by NACE Technical 
Unit Committee T-1G Sulfide Stress Cor- 
rosion Cracking Robertson and 
Arnold Schuetz. Pub. 57-17. Per copy $2. 


Status Report NACE Technical 
Unit Committee Oil Field 
Structural Plastics. Per Copy $1.00. 


T-1J Reports to Technical Unit Commit- 

tee Oilfield Structural Plas- 
tics. Part 1, Long-Term Creep of Pipe Ex- 
truded from Tenite Butyrate Plastics. Part 
2, Structural Behavior of Unplasticized Geon 
Polyvinyl! Chloride. Publication 55-7. Per 
Copy $.50. 


Summary Data Use Struc- 

tural Plastic Products in Oil Pro- 
duction. A Status Report of NACE Technical 
Unit Committee T-1J on Oilfield Structural 
Per Copy $.50. 


Service Reports Given Oil Field 

Plastic Pipe. Activities Report 
Oilfield Structural Plastics. Per 
Copy $.50. 


T-1J Oilfield Structural Plastics Test Data 
__. are given. Activities Report of T-1J 
Oilfield Structural Plastics. Per Copy £.50. 


Reports Technical Unit Commit- 

tee T-1J Oil Field Structural 
Plastics. Part 1—The Long Term Strengths 
of Reinforced Plastics Determined by Creep 
Strengths. Part 2—Microscopic Examination 
Test Method for Reinforced Plastic Pipe. 
Per Copy $.50. 


T-1J Status Report NACE Technical 

Unit Committee Oil Field 
Structural Plastics. Part 1—Laboratory Test- 
ing Glass-Plastic Laminates. Part 
Service Experience Glass Reinforced Plastic 
Tanks. Part 3—High Pressure Field Tests 
Glass-Reinforced Plastic Pipe. Per Copy $.50. 


Service Experience Glass Rein- 

forced Plastic Tanks—Status Re- 
port of NACE Technical Unit Committee 
T-13 on Oil Field Structural Plastics. Pub. 
57-18. Per Copy $.50. 


T-1J Experience with Oil Field Extruded 

Plastic Pipe 1955—A Report 
NACE Technical Unit Committee T-1J 
Oil Field Structural Plastics, Pub. 57-19. 
Per Copy $.50. 


T-1K Proposed Standardized Laboratory 

__ Procedure for Screening Corrosion 
Inhibitors for Oil and Gas Wells. Report 
T-1K Inhibitors for Oil and Gas Wells. 
Publication 55-2. Per Copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which Is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1961 M & M 
Bldg., Houston, Texas. Add 65¢ per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and 


NATIONAL ASSOCIATION 


CORROSION ENGINEERS 


ASSOCIATION CORROSION ENGINEERS 


British Corrosion Group 


Meetings Are Scheduled 


Meetings the Corrosion Group, 
Chemical Industry scheduled for the 
first months 1958 are: 

Jan. 15—Stress corrosion Cracking, 
Hoar and Hines, Society 
Chemical Industry, Belgrave Square, 
London, 6:30 pm. 

Jan. 23—Discussion. Exhibition pro- 
tective coatings. Battersea College 
Technology, Battersea Park Road, Lon- 
don, 11. 6:30 pm. 

Feb. 17—Protection Spraying ard 
Dusting Equipment, Representatives 
the National Institute Agricultural En- 
gineering, (Joint meeting with pesticides 
group). Society Chemical 
pm. 

Feb. 26—Stress Corrosion Cracking 
Stainless Steels, Hoar and 
Hines. Stress Corrosion Cracking Car- 
bon and Low Alloy Steels, Parkins. 
(Joint meeting with Newcastle Section). 
Stephenson Bldg., King’s College, New- 
castle-upon-Tyne. 2:30 and pm. 

March 11-12—Symposium Protec- 
tion Motor Vehicles. Corrosion 
inders and Moving Parts Engine, 
Stevenson. Corrosion Inhibitors for 
and Experience With Sodium Benzoate 
and Sodium Nitrite Mixtures Cor- 
rosion Inhibitors Engine Coolants, 
Mercer and Wormwell. 

Oil Additives, Hitchcock. Pro- 
tection Accessories, Tomkins. 
Packaging Vehicles and Components 
for Export, Brown. Experience 
With the Land Rover, Heslop. Phos- 
phate Treatment Vehicle Bodies, 
Murray. Experience With Aluminum 
loys Motor Vehicles, Porter. 
and 2:30 pm. 

March 28—Recent Research the 
Corrosion Boiler Tubes, Porter 
(Joint meeting with Manchester Section) 
Robinson Lecture Theater, The Univer- 
sity, Manchester. 6:30 pm. 

April 16—Annual general meeting and 
spring lecture. Corrosion Research and 
Its Industrial Background, Ver- 

non. Society Chemical Industry, Lon- 
don, 6:30 pm. 

April 17—Annual general meeting 
educational panel. Society Chemical 
Industry, London. am. 

Members the National Association 
Corrosion Engineers are invited 
present these meetings. 


Standards Defined 


National Bureau Standards’ physical 
chemistry laboratories have completed 
definition the standard for tem- 
peratures from This extends 
the standard beyond the limit for- 
merly established. Because computation 
based several reasonable as- 
sumed relationships between ionic and 
mean activities, the electromotive force 
cells employing the standards elec- 
trolytes was measured using highly re- 
producible hydrogen 
chloride electrodes. 

The work was based recent de- 
termination the standard potential 
the silver-silver chloride electrode, which 
report the work was published 
Res. Nat. Bur. Standards, 59, 261 (1957) 
Oct. 2797. 
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Using impressed current anodes 


ATIONAL 


TRADE-MARK 


GRAPHITE ANODES ARE BEST! 


LINE WIRE 


FOR LOW COST... 


“National” graphite anodes provide 
ample conductivity for economical 
ground bed design both low and 
high resistance soils. Installed with 
graphite particle coke backfill, 
“National” anodes offer low initial 
cost; exceptionally long life. 

National Carbon manufactures 
complete line anodes providing the 
economies graphite all types 
cathodic installations. 


INSULATED CABLE 


“National” Carbon Anode 


carbon anode system has protected 
2042 feet inch bare steel main for 
large Eastern utility company. In- 
stalled horizontally (see diagram) 
avoid shale rock, 80” anodes 
are spaced approximately 120 feet 
apart obtain uniform protection. 
Before installation the 
carbon anodes, leaks occurred 


4 

Since 1943, distributed 


sizes plain and Graphite 


Graphite Anodes with Type Connections 


Type Anodes Graphite 


the main one year. Since cathodic 
protection began October, 1943, 
there has not been single leak. 
e e 
“NATIONAL” GRAPHITE ANODES ARE BEST Length anode service: 15-30 
FOR LONG LIFE AND LOW Average soil resistance: 1000 


The terms and ‘‘Union Carbide” are registered trade-marks 
Union Carbide Corporation 


NATIONAL CARBON COMPANY Division Union Carbide Corporation East 42nd Street, New York 17, N.Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco CANADA: Union Carbide Canada Limited, Toronto 
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Tropical Paint Company’s 


Tropoxies 


Protect Wood, Metal 
and Masonry Surfaces 


“problem” surfaces, where 
chemical fumes liquids quickly 
break down ordinary paints, new 
Tropoxy enamels provide supe- 
rior, longer-lasting protection. 
These new epoxy-resin coatings 
effectively retard chemical corro- 
sion exterior metal, wood, con- 
crete, plaster, brick, cement 
cinder block. Multiple coats can 
applied within hours achieve 
ideal 5-mil thickness. 


PROTECTIVE COATINGS 
for CORROSION PROBLEMS 


Also investigate our oleoresinous 
phenolics, rubber-base paints and 
enamels, high-heat (up 1000°) 
aluminums. They have been per- 
formance-proved thousands 
applications. 


coatings sent request. 


TROPICAL PAINT CO. 


1142-1204 Cleveland Ohio 
Heavy-Duty Maintenance 
Paints Since 1883 


SUBSIDIARY 
PARKER RUST 
PROOF COMPANY 


CORROSION 


FREE complete information our spe- 


Military Problems Are 
Posed for Scientists 


Military scientists are seeking the fol- 
lowing: gamma radiation shielding 
material with greater mass absorption 
coefficient than but lighter than lead; 
light metals and alloys with Young 
modulus value million psi and close 
structural steel properties but much 
lighter for breech rings, bolts, barrels and 
other ordnance. 

Low alloy steel suitable for gun 
tubes; lightweight material with resist- 
ance abrasion and erosion high 
strength steels; magnesium alloys 
corrosion resistant steel and prefer- 
ably comparable cost; stainless metal 
with properties and approximate cost 
low-alloy steel; lightweight, high 
strength material for gun barrels; high 
temperature (10,000 over) mag- 
netic materials. 

Scientists interested may get copies 
“Inventions Wanted” from National 
Inventors Council, Department 
Commerce, Washington, 


200 Papers Nuclear 
Reactors Set Chicago 


More than 200 papers various as- 
pects atomic science will 
sented during the March 17-21, 1958, 
Nuclear Congress held Inter- 
national Amphitheater, Chicago. Over 
engineering societies are 
participating the program, accord- 
ing John Landis The American 
Nuclear Society, Inc., chairman the 
program committee. 

Among others, sessions have been 
scheduled reactors for process heat 
and radiation, reactor operation and 
maintenance, experimental power re- 
actors and advanced concepts, thermal 
and mechanical design, reactor plant 
materials, water contamination and 
ment and shielding and containment. 


Stress-Free Multi-Phase 
Metals Are Impossible, 
NBS Tests Indicate 


Impossibility obtaining completely 
stress-free condition metals which 
contain more than one phase were 
shown X-ray diffraction experiments 
conducted National Bureau Stand- 
The experiments indicate that textural 
stresses resulting from different thermal 
expansion coefficients phases must 
taken into account any study 
the metal’s reaction its environment, 
corrosion studies, fatigue crack 
formation. 

Details the work are reported 
“An X-ray Study Textural Stresses 
Two-Phase Alloys,” Res. National 
Standards, 59, No. (1957) 
2793. 


Architectural Metal Meet 


The 20th Annual Convention 
National Association Architectural 
Metal Manufacturers will held April 
27-May the Shamrock Hilton Hotel, 
Houston. 
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Air and Water Pollution 


Prevention Sessions Set 


Preventing Air and Water Pollution 
9:15 Wednesday, January dur- 
ing the Plant Maintenance and 
gineering Show and Conference 
held during the event scheduled 
held January 27-30 the Chicago 
phitheater and Palmer House. 

Speakers will Harry 
Bituminous Coal Institute, Washington, 
C., formerly executive secretary, 
Pollution Control Association, 
burgh, who will discuss air pollution, 
and Edward Cleary, executive 
tor and chief engineer, Ohio River 
ley Water Sanitation Commission, Cin- 
cinnati, who will discuss water polution. 


Liege Meeting Cover 


Corrosion Water 


session will held June 10-11 
Liege, Belgium, Centre Belge D’Etude 
Documentation des Eau con- 
sider control corrosion water and 
aqueous media. Topics considered 
are fundamentals, rust and sediments, cor- 
rosion industrial water, materials, soils 
marine environments and 
corrosion boilers and gas 

The session will held during the 
Cebedeau world congress for 
water. Other sessions will devoted 
industrial use water and purification 
waste waters. The final session June 
will concern the future outlook the 
use water industry and control 
water-connected corrosion. 


Gas Turbine Technical 
Sessions Are Scheduled 


Technical information design, oper- 
ation and future engineering prospects 
gas turbines, free-piston engines and 
their components and accessories, includ- 
ing Diesel superchargers will dis- 
cussed March 3-6 the Shoreham Hotel, 
Washington, the Gas Turbine 
Power Division the American Society 
Mechanical Engineers. 

wide variety data actual oper- 
ating experience and theoretical consid- 
erations related the gas turbine will 
presented technical sessions. 


$30 Millions Allocated for 
Fundamental Research 


More than $15 millions being put into 
the 30-year-old fundamental research pro- 
Inc., the search for scientific knowl- 
edge without specific commercial objec- 
tives. The company’s research encompasses 
inquiries into organic chemistry, biological 
chemicals, polymers and plastics, fibers and 
films, metals and alloys, high purity ele- 
ments for electronic uses and for solar 
energy conversion, radiation chemistry 
and others. 

South Central Region NACE meets 
New Orleans 1958. 

The 1957 alphabetical author index 
Technical Section includes 244 
names, 
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Carnegie Laboratory 
Marks 25th Anniversary 


The 25th anniversary the found- 
ing the Metals Research Laboratory 
Carnegie Institute Technology 
was held October 


\mong the four prominent metallur- 
gists appearing the technical pro- 
held during the celebration was 
Harwood, Head, Metallurgy 


Radiation Effects Center 


Radiation Effects Information Cen- 

has been established the Air 
Battelle Memorial Institute, Co- 
mbus, gather and disseminate data 
neerning effects nuclear radiation 
and systems required 
Crake 


TECHNICAL 
REPORTS 


PIPE LINE CORROSION 


ments for Protection of Buried Pipe 
Lines. Prepared by a Special Task Group of 
NACE Technical Group Committee T-2 on 
Pipe Line Corrosion. Publication No. 56-15. 
Per Copy $.50. 


TP-2 First Interim Report on Galvanic 
Anode Tests. (Pub. 50-2) NACE 
members, $3; Non-members, Per Copy. 


T-2B Final Report on Four Annual Anode 

Inspections. A Report of Technical 
Unit Committee T-2B on Anodes for Im- 
Current. Publication 56-1. Per Copy 


T-2B Use of High Silicon Cast Iron for 

Anodes. First Interim Report of Unit 
Committee T-2B on Anodes for Impressed 
Current. Publication No. 57-4. Per Copy $.50. 


Some Observations Cathodic Pro- 

tection Potential Criteria in Local- 
ized Pitting. Report T-2C Minimum 
Current Requirements for Cathodic Protec- 
tion. Pub. 54-2. Per Copy $.50. 


T-2C Observations Cathodic Pro- 
tection criteria. A contribution to 

the work NACE Technical Unit committee 

T-2C. Publication No. 57-15. Per Copy $.50. 


T-2G Tentative Recommended Specifica- 

tions and Practices for Coal Tar 
Coatings for Underground Use. Report 
Technical Unit Committee T-2G Coal Tar 
Coatings for Underground Use. Per Copy $.50. 


T-2H First Interim Report. Tentative Rec- 

ommended Specifications for Asphalt 
Type Protective Coatings for Underground 
Pipe Lines—Wrapped Systems. Report 
NACE Technical Unit Committee T-2H As- 
phalt-type Pipe Coatings. Publication No. 
57-11. Per Copy $.50. 


T-2H Second Interim Report. Tentative 

Recommended Specifications for As- 
phalt-type Protective Coatings for Under- 
ground Pipe Lines—Mastic Systems. Report 
of NACE Technical Unit Committee T-2H on 
Asphalt-type Pipe Coatings. Publication No. 
57-14. Per Copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 
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ALWAYS WITHIN ARMS LENGT 


CROSSING INSULATORS 


Truly rugged crossing insulators, the Maloney 
Models and shown are addition 
the wrap-around Model crossing insulator 
the complete line developed the Maloney 
Research and Development Laboratory. 
crossing insulators, other products, Malo- 
ney research has set new industry standards. 


SCRAPER CUPS 


The unique lip design the Maloney scraper 
cup insures complete effectiveness throughout 
the life the cup. Completely adaptable 
out-of-round and other adverse conditions, the 
Maloney scraper cup has equal. time 
factor, F.H. Maloney ‘within length.’ 


CASING SEALS 


This zipper type casing seal equally suited 
for new replacement applications. The zip- 
per joint assures dust-tight, water-tight 
seal installs minutes. Slip-on types for 
new applications are also available. Both com- 
pensate for eccentric installations without any 
special handling, and are available you 
immediately. 


FLANGE INSULATION 


Maloney Flange Insulation sets include all 
components for each joint; central gasket, 
sleeves, and washers linen base Bakelite. 
High pressure applications are available with 
Neoprene faced central gasket eliminat- 
ing any other gasket seal. Another result 
continuous Maloney research. 


LOS ANGELES PITTSBURGH 


| 
| 
Wag 
$1.00. 


Adhesives 


Ray-Bond R-84001, hot melt adhesive 
which has instant grab when applied 
etched Teflon, Mylar, polystyrene, poly- 
ethylene and almost any other material 
has been developed Raybestos-Man- 
hattan, Inc., Bridgeport Conn. While 
intended for temporary fastening 
sembly operations the material 
make permanent bond temperatures 
not exceed 150 


Atomic Energy 


Radiation Cells can 
ground low cost through techniques 
ration, Main St., Walnut Creek, 
linear accelerator was constructed 
cost $54,000 using high density, 
lead ore slag main shielding. 40-ton 
concrete door blocks entrance the 
cave chamber. 
e 

Silicone-Insulated electric 
cently subjected gamma ray radiation 
rate 0.1 megarads hour over 
periods while operating 
200 are expected last years 
under test conditions, according Dow 
Corning Corp., Midland, 
data confirms the tendency radiation 
atack side-groups long chain 
molecule polymer, promoting cross- 
linkage stiffening. Because cured 
silicones are almost 
linked already, radiation has little ef- 
tect. 


Batteries 


Gulton VO-Series nickel cadmium bat- 
teries, among others will produced 
new Alkaline Battery Division Gulton 
Industries, 212 Durham Ave., Metuchen, 
N.J. The company has been licensed 
produce and market the United 
States batteries made under patents held 
SAFT-France. 


Silent Power made new fuel cell 
using hydrogen and power 
developed National Carbon Com- 
pany, Division Union Carbide Corp., 
100 East 42nd St., New York 17, N.Y. 
First significant application the prin- 
ciple the new “Silent Sentry” using 
this power source, made for the 
Army Signal Corps. The small, portable 
radar set designed give intelli- 
gence combat operations spite 
smoke, darkness fog. The fuel cell, 
using hollow carbon electrodes, pro- 
duces electrical energy through the re- 
action between hydrogen and oxygen 
and has efficiency about per- 
cent, twice that conventional thermal 
systems producing electrical current. 
One killowatt power can 
duced from ceil with volume 
one cubic foot. Voltage across the elec- 
trodes about one and desired voltage 
can obtained connecting batteries 
series. Cells now used operate 
from approximately atmospheric pressure 
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creased output can obtained. Amount 
current proportion physical size 
the cell, can operated using 
hydrogen and air, including industrial 
grade hydrogen including impurities. 

Consideration being given har- 
nessing the new batteries 
tion solar energy, which the sun’s 
heat used separate the components 
water and also using the hydro- 
gen and oxygen developed nuclear 
power plants. Presently efforts are 
made suppress hydrogen and oxygen 
evolution nuclear plants. economi- 
cal source hydrogen and oxygen 
would make operation the batteries 
stances, 


Chemicals 


Physical Properties Synthetic Or- 
(F-6136) available from Union Car- 
bide Chemicals Co., East 42nd St., 
New York 17, The booklet lists 
latest physical property data more 
than 350 organic chemicals, including 
new chemicals introduced the 
company since the previous edition 
betical index included. 


Coatings 


Anodized finishes metals produced 
the Hardas Process are described 
brochure available from Anachrome 
Corp., 10647 Garfield St., South Gate, 
Cal. The firm specializes hard ano- 
dizing and precision plating. 
Endura-Temp, suspension coating 
containing ceramic frit designed for 
use iron and steel temperatures 
1500 The air-drying coating 
may sprayed, brushed dipped 
clean surface without primer. More 
information can obtained from Prod- 
ucts Development Corp., 824 Connecti- 
cut Ave., N.W., Washington D.C. 
& 

Iso-Lok ZDP, conversion coating for 
plating which produces bright 
finish without leaching designed for 
service where resistance corrosion 
more important than appearance. More 


data are available from Wagner 
Inc., 400 Midland, Detroit, 
Mich. 


e 
Mono-Seal, coating consisting 
blend silicones and epoxies, contains 
plasticizers oils, cures com- 
bined solvent evaporation 
merization and produces coating 
which elastic, well-bonded and dur- 
ucts, Garden St., Everett 49, Mass. 


Heating Elements 


Partlow Corp., 505 Campion Rd., New 
Hartford, N.Y. has published Bulletin 
110, which lists over 400 corrosive at- 
mospheres into which temperature con- 
trol elements often are immersed, 
together with recommended bulb ma- 
terials for these environments. 


Truflex corrosion resistant thermostat 
metals are described TRU-6, 
technical bulletin titled “Corrosion Re- 
sistant Thermostat Metals,” 
from General Plate Division, Metals 
and Controls Corp., Attleboro, Mass. 


Inhibitors 


No. 500, inhibitor 
with water suitable for mixing 
solvents oils recommended 
American Oil and Supply Co., 
Wilson Ave., Newark, N.J. 
and short-term protection metals 
exposed outside atmospheres. The 
material, unspecified composition, 
may mixed varying proportions 
with water form inhibitive liquid 
whose effectiveness directly propor- 
tional the concentration 
the mixture, rated salt spray 
and humidity cabinet tests. The mech- 
anism described indicates the inhibitor 
preferentially wets metal 
mitting water evaporate. 


Stimulation the flow oil wells 
application inhibited hydrochloric 
acid was first tried Michigan oil 
well the winter 1932 technicians 
Dow Chemical Co. and Pure Oil Co. 
Dowell, Inc. was formed the following 
November exploit the method, and 
has been active well acidizing and 
other well services during the succeed- 
ing years. More than 375,000 oil and 
gas wells have been treated the 
company, produce additional esti- 
mated billion barrels oil that other- 
wise would have been lost. 

Emocithin, water-in-oil emulsifier, de- 
veloped Scholten’s Chemische 
Fabrieken, Foxhol, Netherlands and dis- 
tributed the United States Morn- 
ingstar, Nichol, Inc., 630 West 51st St., 
New York, N.Y., produces emulsions 
which will not separate temperatures 
less and may used food, phar- 
dyes and paints. Data its use 
Europe available. 


Instruments 


Transistorized computer-data systems 
have been developed Beckman In- 
struments, Inc. Anaheim, Cal. for use 
directing the operations Phillips 
Chemical Company’s Sweeny, Texas 
ethylene plant. The unit said 
the first industrial data 
solid state components place vac- 
uum tubes. 

Instantaneous Analysis 
chemical reactions such those which 
occur explosion rocket fuels can 
Cincinnati Division, Bendix Aviation 
Corp. The device, called “Time-of- 
Flight Mass Spectrometer” expected 
have numerous applications metal- 
lurgical and chemical processing opera- 
tions. can make chemical analysis 
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1/10,000 second, instantly identifying 
gases, liquids and solids (in- 
cluding metals) revealing their re- 
molecular masses. 


Laboratories 


Water Service Laboratories, Inc. has 
11,000 square feet 169 West 
Vyoming Ave., Philadelphia for its 
ranch office there. 

Atlas Powder Company has established 

Toxicology Section its Chemical 
Department investigate the 
afety Atlas products. 


Metals—Ferrous 


and Inconel-X metal bellows 
being produced Fulton Sylphon 
Robertshaw-Fulton Controls, 
Tenn. sizes from 15/32- 
ich inches outside diameter and 
single four plies. They are useful 

Carbon and Alloy seamless steel tubing 
ind electric resistance welded steel 
produced several grades 
Seamless Tube Division, Copper- 
veld Steel Co., Shelby, Ohio are de- 
scribed new general catalog, CS-58 
now. 


Metals—Non-Ferrous 


Manganese Ore deposits Batesville, 
Ark., will explored American 
Potash Chemical Corp. 10,700 
acres land 100 miles northeast 
Little Rock, the deposits, economi- 
cally feasible for development, will 
formed among owners. 
New Hard Lead sheet’s use for roofing 
and flashing described Lead In- 
dustries Association’s brochure, Modern 
Sheet Lead for Roofing and Flashing. 

Niobium unusual purity and niobium 
alloys with high strength high tem- 
peratures have been developed Pig- 
ments Dept., duPont Nemours 
Co., Inc., Wilmington, Del. for use 
jet engines, missiles and atomic re- 
actors. joint development agreement 
has been made with Thompson Prod- 
ucts, leading producer jet engine 
parts and aircraft components. Niobium 
noteworthy for its extreme ductility 
the absence nitrogen, hydrogen 
oxygen. one-pound ingot can cold- 
rolled into foil 1/1000-inch thick with- 
out annealing. principal use the 
metal alloys used for turbine 
buckets operating over 1650 has 
low neutron cross section. Alloys are 
among the most corrosion-resistant 
known. 


Niagara Concrete Pipe, Ltd., St. Catha- 
rines, Ont. has been purchased 
American-Marietta Co. will build 
another plant Toronto. The indus- 
trial boom accompanying the develop- 
nent the St. Lawrence Seaway has 
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POSITIVE 
WAY 
PREVENT 
CORROSION 


proved for more 
than years 
Texas Gulf Coast 


Here’s proven corrosion-resistant coating that withstands the onslaughts 
acids, caustics salt air for longer periods with just two coats. Permaspray 
can rapidly applied either spray, brush, roller, and requires about 
hours drying time for normal conditions. The second coat can applied 
without changing scaffolding. One gallon Permaspray will cover 400-500 
sq. ft. depending the surface. 


example Permaspray’s corrosion-resistance, the fan covering the gas 
blower handling 20% hydrochloric acid the waste recovery unit Gulf 
Coast plant withstood weather and acid for years before sign breakdown 
began appear. Here are the results four metal test panels, 8”, sand 
blasted and coated with one coat primer and coats Permaspray: 


After 220 days coating 


Submerged concentrated hydrochloric acid 
After 240 days excellent 


Submerged caustic sodaflakes 
After 275 days excellent 


Submerged fuel oil 
After 275 days excellent 


Write today for folder giving details, 
including test with various acids, and 


BOX 875 LEAGUE CITY, TEXAS 


1% 
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(Continued From Page 115) 
created unusually heavy demand for 
large sized concrete drainage pipe. 

e 


Halocarbon 
fluorobutane), clear, colorless liquid 
room temperature highly resistant 
oxidizing agents, non-flammable and 
non-polar. Its good heat transfer char- 
acteristics recommend for use 
coolant transfer medium, Hacocarbon 
Products Corp., Court, 
Burlews Court, Hackensack, 
claims. 


Industrial Carbon products 
duced minutes new two-step 
process which the material simul- 
taneously subjected electrical cur- 
rent and pressures several tons 
per square inch. Methods formerly used 
called for mixing the materials, heating 
and extruding them and 
shapes for several weeks gas-fired 
furnaces. 


Plastics 


Bellows with twice the bursting 
strength and times the flex life 
conventional machined bellows are now 
being molded from high 
density virgin Teflon compound Re- 
sistoflex Roseland, N.J. The 
molding process maintains linear orien- 
tation throughout the bellows’ convolu- 
tions and imparts optimum strength and 
fatigue life. Dynamic working pressures 
high 120 psi, full vacuum service 
and bending deflection degrees 
and axial movements inches 
more are characteristics. 

Tefion insulated silver plated copper 
wire being made Halocarbon Di- 
vision, Haveg Industries, Inc., 
mington Del. capable con- 


tinuous service 260 and comes 


Teflon 100-X perfluorocarbon resin 
shapes and filaments are being made 
limited quantities United States 
Gasket Co., Plastics Division the 
Garlock Packing Co., Camden, N.J. The 
material has essentially the same char- 
acteristics other Teflons except 
top temperature service limit about 
400 


Kemlon Pumps, made fluorocarbons, 
have barrier diaphragm separating all 
working parts from the fluid handled. 
with corrosive are coated with Teflon, 
may made corrosion resistant 
metals. They are manufactured Key- 
stone Engineering Co., P.O. Box 14366, 
Houston 21, Texas. 


Titeflex, Inc., Springfield Mass. has 
available 4-page catalog supplement 
describing the new 110 Teflon hose as- 
sembly recently developed. The hose, with 
flexible Teflon innercore stainless 
steel wire braid equipped with new fit- 
tings suitable for systems operating 
1500 psi and between—100 and 500 


Hetron 92, fire retardant, fiber glass re- 
inforced polyester resin panels are of- 
fered Resolite Corp., Zelionople, Pa. 
They are useful substitutes for glass 
locations where corrosive atmos- 
pheres heat result heavy breakage 


damage. 


Valves 


Insertable Union check valves with Ny- 
lon bodies are described Bulletin 
NP-25 available from Jordan Industrial 
Sales OPW Corp., 6013 Wiehe 
Rd., Cincinnati 13, Ohio. 


Glass Reinforced Polyester plastic 
valves manufactured Rovang 


HEIL’S EXPERIENCE can help solve 
YOUR Equipment -Corrosion Problems 


For over years Heil has specialized design- 
ing and fabricating chemical-proof equipment. 
Write for our descriptive bulletins. 


TANKS VESSELS Lined with Neo- 
prene, Vinyl Rubber, Plastic 


HEAT EXCHANGERS Immersion, Shell 


Laboratory facilities 
back Heil quality. 


and Tube 


COATINGS for Steel, Concrete, Wood 


One source 
One responsibility 


FUME REMOVAL Ducts, Fans, Fume 
Scrubbers 


Vol. 


and Assoc., Inc., 1945 East Columbia 
Blvd., Portland 17, Oregon have hizh 
resistance Descriptive lit- 
erature available. 


Welding 


Arcos Corp., 1500 South 50th St., 
delphia 43, Pa. describes its brochure 
“EB Weld Insert” the use consuin- 
able inserts obtain sound root weld- 
ing pass when only one side tie 
weld available. Fifteen 
inserts are available. 

Welding Stainless pipe 
through the use aligning 
nector available from Speedline Div., 
Horace Potts Co., 504 Erie 
Philadelphia, Pa. fits over ends 
connecting sections permitting in-place 
assembly pipe and fittings and helps 
align the system. 


Robert Woofter, formerly Coating 
and Corrosion Research Supervisor, 
Jones Laughlin Steel Corp., has been 
promoted metallurgical contact en- 
gineer. has been with the firm since 
1936. 


Edward Finney has 
burgh Coke Chemical Company 
sales representative the firm’s indus- 
trial chemical division. 


Burton Payne, Jr., has been made 
metallurgical research and development 
group head the research division. 


Adrian Fisher has become chief 
executive officer Johns-Manville 
Corp. Clinton Burnett was elected 
executive vice-president and made di- 
rector. 


Arthur Simpson has been assigned 
Chicago Bridge and Iron Company’s 
Chicago sales office; James Mansell 
has been transferred the Houston 
sales office from Birmingham and 
George Rowley has been moved 
from New Jersey the sales 
office. 


Fogle has been made president 

Union Carbide Chemicals Co.; 

Kinsey president the newly formed 

Union Carbide Olefins Co. which will 

handle production ethylene, propylene, 

butadiene and other products. 
e 


James Hakeman, formerly senior 
corrosion engineer for Tretolite Com- 
named assistant the Rocky Mountain 
Division manager and will located 
Edmonton, Alberta. James Burrell, 
Jr., has been named assistant John 
Hampton, manager West Central Di- 
vision with headquarters Midland, 
Texas. Ellis Lee Ganey, Jr., now 
field engineer Jena, La, while James 
the company’s New Orleans office. 
Gerald Moran has been appointed 
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manager the Chemical and 
Metallurgical Division Sylvania Elec- 
tric Products, 


Dr. Charles Henry Snow, dean emeritus 
the College Engineering, New 
University, died October the 
94. 


Jeremiah Sullivan, Jr., has been 
sales engineer for Taylor Fibre 
Norristown, Pa., manufacturer 
ilcanized fiber and laminated plastics. 
Anderson, chief metallurgist 
Denver Division, Gardner- Denver 
has been named assistant manager 
the division. Richard Schaffer has 
been named chief metallurgist the 
company. 


Rowland has been appointed 
Production Union 
Chemicals Co. and Mer- 
rill has been made vice-president— 
Bakelite Company, both di- 
visions Union Carbide Corp. 

Carl Riestle, executive vice-president 
Humble Oil Refining Co., Hous- 
ton, has been named receive the An- 
thony Lucas Gold Medal for dis- 
tinguished achievements petroleum 
engineering the American Institute 
Mining, Metallurgical and Petroleum 


Morley Mathewson has been made 

director industrial engineering In- 

ternational Minerals and Chemical 

Corp., Wacker Drive, Chicago 


Frank Weeden, Jr., has been ap- 
pointed director research and Clar- 
ence Hester has been made sales en- 
gineer for John Doré Co., Houston. 

e 
John Thompson, chairman the 
board The International Nickel Com- 
pany Canada, Ltd. will receive the 
Charles Rand Memorial Medal for 
1958 from American Institute Min- 
ing, Metallurgical and Petroleum En- 

& 
Frank Dorr has been made chief corro- 
sion engineer for Standard Magnesium 
Company, Tulsa, with headquarters 
the company’s recently opened field of- 
fice the Bermac Bldg., 4101 San Ja- 
cinto, Houston. 

e 
Dillon, corrosion group leader 
Union Carbide Chemicals Company 
plant Texas City since 1950 will 
transfer February the company’s 
Institute, Va. plant materials en- 
the engineering department. 
joined Union Carbide 1941 
laboratory assistant the company’s 
South Charleston plant. 
Ted Mond, formerly editor chief 
Materials and Methods magazine 
editor chief the American 
Society for Metals’ Engineering In- 
stitute’s educational courses. Specialized 
correspondence courses and in-plant in- 
for metals engineer offered 
the new division. 
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Carbomastic Coatings Give 


carboline 
327 Thornton Ave. 
St. 19, Mo. 


effective corrosion resistance 
less than per mil foot 


Higher solids content, averaging 
88% weight 


mils thickness per coat 


changes 


Black, brown aluminum 


Can coated over with Phenoline 
305-2 for additional colors 


USE CARBOLINE’S ENGINEERING AP- 
PROACH AND COMPARE THE FACTS: solids 
content, coverage per gallon, mil feet per gallon, 
mil thickness per coat, resistance corrosive, 
estimated recoating cycles, COST PER SQUARE 
FOOT PER YEAR SERVICE. 


CARBOMASTICS have many wide applications 
such as: 


CHEMICAL PROCESSING Tank linings 
and pipes carrying brine, process water, cooling 
water; also for maintenance and equipment. 
Offshore structures, tankers, 
barges, steel dock structures and equipment. 


PETROLEUM ... Salt water disposal lines and 
wells, crude oil storage tank bottom, pipe linings, 
crude oil flow lines, roof top exteriors. 

PULP PAPER... Structural steel, tank ex- 
high-humidity and condensation 
conditions. 


WRITE TODAY for Bulletin 803, technical data 
sheets and corrosion charts. Testing panels avail- 
able upon request. Make your own comparison. 


PHENOLINE, POLYCLAD, 
RUSTBOND PRIMERS. 


nds 


the polar-type corrosion inhibitor 
developed Dowell, has proved its effectiveness 
hundreds wells. Now, different concept the use 
liquid inhibitors has been developed. this method, 
Corban not merely put the well; pumped 
back into the formation. Then returns 
metal equipment for period moriths. 

far, outstanding. The following 
case history example the results obtained with 
this new method. 


gas-lift well South Texas was producing 
BOPD and BWPD from the Frio sand. 
The well was equipped with 1-inch tubing 
containing gas lift valves inside J55 
production tubing. The 1-inch tubing extended 
depth 2001 feet; total depth the well 
was 5547 feet. packer was set 5482 feet. 
2468 feet, the tubing was swaged 
2-inch tubing. Severe corrosion was found 
the swage, 467 feet below the bottom 
the tubing. was doubtful that 
inhibitor applied the conventional manner 
would reach even the the 1-inch 
tubing. 


was then into the formation. Ten 
concentrated 101 were mixed with 
1214 salt this one treatment, 
water well has been analyzed several 
times. The following table shows the results. 


Parts Per 
Date Million 
-56 132 Just prior described treatment 
4-11-56 First test after treatment 
4-17-56 Second test after treatment 
4-25-56 Third test after treatment 
5-14-56 Fourth test after treatment 
-56 Fifth test after treatment 
content reduced 83% 
this time 
1-56 Sixth test after treatment 


content still reduced 
72% compared that be- 
fore treatment 


Corban available both stick and liquid form, 
formula suited your well. Call any the 165 
Dowell offices the United States and Canada; 
Venezuela, contact United Oilwell Service. write 
Dowell Incorporated, Tulsa Oklahoma. 
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REPORT NEW 
CONCEPT 
CORROSION CONTROL 


For Oil and Gas Wells 


Services for the oil industry 
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Improved Fabrication Techniques 


and Lower Cost 


Favor Use* 


Introduction 


has progressed rel- 

atively short from laboratory 
adily available for corrosion resistant 
While the present price per 
pound titanium prejudices many po- 
ntial users against (for example 
times more expensive than Type 
stainless steel) much lighter 
tian stainless steel and when special 
techniques, such liner 
construction are used, finished tita- 
nium equipment may cost only five 
much Type 316. applica- 
tons where the service life titanium 
four five times that stainless 
titanium well may the most 
cconomical material use. Even its 
present price behooves the corrosion 
consider titanium for severe 


Physical and Mechanical Properties 
Three commercially pure grades 


titanium are AMS 4902, 4900 and 4901. 
While there are number titanium 
alloys with greater strength and corro- 
sion resistance equivalent the com- 
mercially pure grades, general only 
the commercially pure grades have been 
used for corrosion resistant applications. 
Some important physical and mechani- 
cal properties the two most common 
commercially pure grades titanium 
are shown and compared with Type 304 
stainless steel Table 


While tensile strength titanium 
about the same that stainless steel, 
its yield strength considerably higher. 
designing titanium equipment the 
\merican Society Mechanical Engi- 
neers Boiler Code the lowest value 
used 


the tensile strength 

the yield strength 

The stress producing secondary 
creep rate 0.1 CUR (creep rupture 
units) 


the stress producing rupture 
100,000 hours. 


This results allowable stress values 
titanium that are slightly lower than 
that stainless steel for AMS 4902 and 
for AMS 4901. Density tita- 
nium percent that stainless steel 
important aircraft applications and 
important volumetric advantage when 
used for corrosion resistant equip- 


Thermal conductivity only slightly 


x A paper presented under the title ‘“Fabri- 

cation of Titanium’ by Richard E. Avery 
and s. C. Orr, Pfaudler Co., Rochester, 
N. Y. at a meeting of Northeast Region, 
National Association of Corrosion Engineers, 
Philadelphia, Pa., October 15-17, 1956. 


Abstract 

Fabrication characteristics of titanium 
are discussed in connection with the 
proposed use of the metal for chem- 
ical equipment. Principal physical 
properties of two grades of commer- 
cially pure titanium are listed and a 
comparison made with Type 304 stain- 
less steel. Cost data are given to show 
the economic feasibility of using tita- 
nium for a reactor and heat ex- 
changer as contrasted with that of 
two other metals. 

A number of recommendations are 
made regarding the procedure to be 
followed in welding titanium. 


less than that stainless steel and 
higher than Hastelloy Alloy For 
medium and low rates heat transfer, 
these differences thermal conductiv- 
ity are little importance the design 
heat exchangers. Thermal expansion 
considerably lower than that the 
300 series stainless steels, which im- 
portant designs where dissimilar 
metals are used. Because the low 
thermal expansion the 400 stain- 
less steels often are the best choice for 
titanium liner construction. Tensile mod- 
ulus elasticity about one-half that 
stainless and carbon steel. This prop- 
erty may disadvantage using 
light sections titanium without 
backing where rigidity considera- 
tion, forcing use heavier thicknesses 
than would the case with stainless 
steel other ferrous alloys. 

Titanium, like stainless steel, owes its 
corrosion resistance the formation 
and maintenance protective, passive 
film, presumably stable oxide. The 
film titanium, more stable than its 
counterpart stainless steel, does not 
break down readily environments 
such chlorides. Titanium does not pit 
environments like stainless 
steel. 


Those interested some the data 
titanium corrosion resistance are in- 
vited inspect the listed 
the end this article. account 
disastrous explosion that occurred 
when commercially pure titanium and 
titanium-manganese alloys were tested 
fuming nitric acid has been pub- 
Red fuming nitric acid also 


SO 


O.2 Pct Offset Yieid Strength, pst, 


Temperoture, °F 
100 200 300 400 500 600 700 800 900 1000 


Figure 1—Data illustrating advantage working 
titanium the heat range 500-600 F.° 


the only environment found date that 
causes stress corrosion cracking. This 
can avoided stress relieving 
1000 for one-half hour. 


Titanium resistant dilute solu- 
tions hydrochloric and sulfuric acid 
room temperature. Addition oxi- 
dizing agents such cupric ions, potas- 
sium dichromate, nitric and chromic 
acids greatly improve titanium’s corro- 
sion resistance hydrochloric and sul- 
furic acid. striking illustration tita- 
nium’s almost complete resistance 
aqua regia room temperature. 


Forms Available 


Titanium available wide range 
wrought forms including plate, sheet, 
strip, tubing, bars, wires, forgings, etc. 
Maximum size restrictions the vari- 
ous forms are generous considering the 
infancy the metal. The size 
some plates and forgings are limited 
slightly over 1000 Tubing 
welded and drawn, and seamless) 


(Continued Page 120) 


TABLE 1—Properties Commercially Pure Titanium Type 304 Stainless Steel 


| Aeronautical & Material Specification, Ti Type 304 
4902 AMS 4900 AMS 4901 
psi Thousands psi Thousands psi Thousands Thousands 
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(Continued From Page 119) 


available from titanium producers and 
number mills. 


Titanium differs from most alloys and 
that castings are not readily available 
commercially. 

Sponge material with lower carbon, 
nitrogen and oxygen, titanium obtained 
today much higher quality than 
was few years ago. The reduction 
these elements has produced more 
ductile material and one that can 
welded without excessive danger con- 
tamination. Double melting also has 
helped produce more homogeneous 
material. 


Spring Back Characteristic 

its spring back when cold formed. 
Fifty degrees spring back not 
uncommon some operations. The de- 
gree spring back determined the 
yield point and the yield point can vary 
considerably different heats and lots. 
Spring back can largely eliminated 
warm working between 500 600 


TECHNICAL 
REPORTS 


GENERAL CORROSION 
PROBLEMS 


T-3A Some Corrosion Inhibitors—A Refer- 

ence List. A Report of T-3A on 
Corrosion Inhibitors. Publication 55-3. Per 
Copy $.50. 


T-3B Bibliographies of Corrosion Products. 

Section One—A Report by NACE 
Technical Unit Committee T-3B on Corrosion 
Products. Publication No. 57-5. Per Copy 
$1.00. 


T-3E Tentative Procedures for Preparing 

Tank Car Interiors for Lining. A 
Report by NACE Task Group T-3E-1 on Cor- 
rosion Control of Railroad Tank Cars. Per 
Copy $.50. 


T-3H Some Consideration in the Econom- 

ics of Tanker Corrosion. A contri- 
bution to the work of Technical Committee 
T-3H on Tanker Corrosion by C. P. Dillon. 
Per Copy $.50. 


T-3F Symposium on Corrosion By High 

Purity Water: Introduction to Sym- 
posium on Corrosion by High Purity Water, 
by John F. Eckel: Corrosion of Structural 
Materials in High Purity Water, by A. H. 
Roebuck, C. R. Breden and S. Greenberg; 
Corrosion Engineering Problems in High Pur- 
ity Water, by D. J. DePaul: The Importance 
of High Purity Water Data to Industrial Ap- 
plication, by W. Z. Friend. A Symposium 
sponsored by NACE Technical Unit Commit- 
tee T-3F on Corrosion by High Purity Water. 
Per Copy $1.50. 


Remittances must accompany all orders for lit 
erature the ogzregate cost of which is less than 
$5. Orders of value greater than $5 will be in 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c¢ per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico, 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


1061 Bidg. Houston Texas 


illustrates the advantage 
forming the metal this temperature 
Note that the three heats have 
spread 15,000 psi their yield 
strength room temperature. bent 
through angle degrees over 
mandril, 0.025-inch sheet from the 
three lots would spring back between 
and degrees. When heated 450- 
500 yield strengths are nearly the 
same and the same amount spring 
back from each would expected. 
improvement ductility also obtained 
the range 450-600 


Tank heads have been fabricated 
sandwiching the titanium sheet between 
two pieces clean, mild steel and heat- 
ing the furnace approximately 1000 
and forming the sandwich complete 
pressing. The heating was not high 
enough cause oxidation embrittle- 
ment the titanium and good quality 
heads were produced. This good 
illustration the amount forming 
that can done proper preheat tem- 
peratures are used. 


Titanium’s particular characteristics 
require different machining techniques 
when these characteristics are rec- 
ognized parts can machined 
routine production basis. Titanium may 
machined standard equipment 
with high-speed, cast alloy carbide 
tools. 


Welding Characteristics and Techniques 


Four interstitial alloying elements, 
oxygen, carbon, nitrogen and hydrogen 
have very pronounced effect the 
mechanical properties commercially 
pure titanium. for this reason that 
the melting done vacuum inert at- 
mosphere furnaces. The United States 
Air Force Specification Bulletin No. 
the following limits 
wrought Oxygen, 0.20% max.; 
nitrogen, 0.27%: carbon, 0.20%. weld- 
ments, the presence these amounts 
interstitials would result low duc- 
tility and poor impact characteristics. 
the tendency titanium absorb 
these elements, either the molten weld 
metal the heat affected zone, that 
largely dictates the welding processes 
that are successful and the modification 
each process that must employed 
minimize contamination. This imme- 
diately rules out oxyacetylene and arc 
welding. Titanium has been welded 
successfully with the inert-gas-shielded 
metal are process, spot, seam and flash 
welding. 

Spot, seam and flash welding com- 
mercially pure titanium 
niques that are not much different from 
those used some the more com- 
mon materials construction. They 
can welded without special gas 
shielding but there have been some cases 
beneficial flash welding. Discussion 
will limited the non-consumable 
electrode inert-gas shielded-are process. 
The consumable electrode process also 
has been used successfully but since this 
process used mainly heavier gauges 
has not found wide use. 


Proper Cleaning Required 

Before welding titanium, proper clean- 
ing necessary. The cleaning practice 
dictated largely the surface condi- 
tion. free from scale, such 
sheet received from the mill, degreasing 
sufficient. good practice use 
weld joint area before welding. there 
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Figure 2—Purge chamber used welding 
titanium parts. 


Figure 3——-One type of trailing chamber used in 
welding titanium inert atmosphere. 


light scale the surface, from 
stress relieving, for example, the surface 
factory solution one containing 
percent more nitric acid™ and 
hydrofluoric acid. Pickling times 
range from one twenty minutes and 
bath temperatures range from 
followed the nitric-hydrofluoric acid 
pickle. Molten salt baths® have also 
been used remove heavy scale but 
with some there danger hydro- 
gen pick-up. 

Joint designs for titanium welding are 
essentially the same those used 
other Before welding, the burrs 
should removed from sheared edges, 
usually with draw file. Because molten 
weld metal has higher fluidity than, for 
example, that stainless steel, ad- 
visable weld close the flat posi- 
tion 

Both helium and argon, and some 
cases mixture the two, have been 
used for shielding gases. 
the advantage higher welding speeds 
and better penetration, while argon of- 
fers greater arc stability. whole, 
argon has been used more extensively, 
particularly manual welding. 

the early days arc welding tita- 
nium, inert gas chambers were used ex- 
tensively. The three basic types were, 


1.A construction such that vacuum 
was first drawn the chamber which 
then was filled with inert gas, 


2.A type that was purged with inert 
gas until the atmosphere was essen- 
tially free from air, 


(1) Picking solutions with less than 20% by 
weight nitric acid may cause absorption 
of hydrogen. 

(2) Hydrogen embrittlement may be caused 
by improper use of molten salt baths. 


(Continued Page 122) 
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Other 
Products 


Chemical-proof 
flexible joint for 
severest service 


MOLDED Fluoroflex-T reinforced 
bellows Resistoflex development 
become strong links any system 
where you need corrosion-proof flex- 
ible expansion joints. Unlike 
lows machined from solid stock, 
molded units have better grain 
structure, hence, superior flex life. 


one test user, Fluoroflex-T 
bellows were eccentrically flexed for 
twenty million cycles without fa- 
tigue These units have 
since been thoroughly time-proved 
actual service. 


Fluoroflex-T bellows dampen vi- 
bration, absorb expansion, correct 
misalignments...problems especial- 
acute fragile piping systems. 
Units can fabricated for specific 
installation operational require- 
ments. Send for details. 


CAUTION: Because the properties 
Teflon products can varied 
widely the fabricating 
employed, the fabricator’s experi- 
ence and integrity remain the 
user’s best assurance of quality | 
and performance. 


Originators high temperature 
fluorocarbon hose assemblies 


TECHNICAL TOPICS 


new “end” for 


corrosion problems hose 


See how the patented tube carried 
through the fittings and formed over the flange face. 
Here complete protection against corrosion because 
fluids cannot possibly come contact with metal. 


This the first time chemically inert jacketed fit- 
tings have been combined with chemically inert hose 
continuous integral assembly. 


flanged hose assemblies eliminate the 
need for special consideration the type metal used 
the fittings for anti-corrosion contamina- 
tion needs. result the continuous smooth bore 
construction, cleaning problems and entrapment ma- 
terials are eliminated for all practical purposes. 

This hose handles active chemicals, solvents, gases 
and the most corrosive compounds. also applicable 
indefinitely even 500°F. 


Write for data. 


®Fluornflex is a Resistoflex trademark, reg., U.S. off. ®Teflon is a DuPont trademark. 


See how Fluoroflex-T 
tube carried 
through fitting and 
across face flange. 


For frequent discon- 
nects, modified 
construction avail- 
able using a second- 
ary Fluoroflex-T jack- 
eted flange. This 
spares 
the major assembly 
from seal-damage. 


CORPORATION 


Roseland, New Jersey - Western Plant: Burbank, Calif. - Southwestern Plant: Dallas, Tex. 
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(Continued From Page 12) 


collapsible type that was back-filled 
with inert gas after collapsing, re- 
move air. 


Figure shows purging unit used 
Pfaudler’s plant. After placing all equip- 
ment the chamber, purged with 
argon until the volume has been changed 
five times and Orset analysis the 
chamber atmosphere has detected 
oxygen. During welding the gas flow 
maintained the torch that most 
the molten metal protected the 
gas from the torch and the chamber gas 
protects the heat-affected zone and the 
cooling weld metal. 


Welding Equipment Improved 

The inert chamber method has been 
losing favor production work, prin- 
cipal reason being the improved quality 
sponge. Most titanium produced 
today can tolerate small pick-up the 
interstitial elements without detrimental 
effect. 


Improved back ups protect the un- 
derside the weld and baffles and 
trailing shields hold the gas around 
the top the weld have been devised. 
illustration one type trailing 
shield shown Figure These are 
important advances because obviously 
would impractical weld large sized 
vessels enclosed chambers. However, 
inert gas chambers still have their uses 
and often are the easiest way welding 
small complicated shapes that not 
lend themselves backups, baffles and 
trailing shields. 

number destructive tests are use- 
ful evaluating titanium welds. Most 
common are tension, bend, hardness and 
notch-toughness tests. Tension test speci- 
mens may the flat bar type with 
the weld longitudinal transverse 
the direction force, the round bar 
specimen that normally includes the 
weld metal only. Because thick speci- 
mens with number passes are needed 
for the round bar specimens they are 
not used often the flat bar speci- 
mens. Flat bar specimens with the weld 


HOW CORROSION 
INDEXED 


Alphabetical subject and author in- 
dexes are published December 
the end the calendar year volume 
issues. 

Abstracts articles appear the 
Corrosion Abstracts section COR- 
ROSION. 

Abstracts articles appear the 
NACE Bibliographic Surveys Cor- 
rosion. 

Abstracts articles appear the 
Corrosion Abstract Punch Card 
Service. 

CORROSION Indexed regularly 
Engineering Index. 

CORROSION will indexed, begin- 
ning January 1958 Applied 
Science and Technology Index. 

10-year alphabetical subject and 
author index (1945-54) has been 
published and available for sale. 
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TABLE 2—Cost 200-Gallon Reactor: 
Comparison Three Materials 


Construction 
Titanium, Type Hastelloy 
| Lined | 31 | Alloy B 
Average cost | 
Material re- 
quired, lb..... 250 785 675 
Material costs. .| $ 3,650.00) $ 630.00 $1,768.00 
Cost of finished | 
. $12,150.00) $2,391.00 $4,670.00 
Ratio to | | 
stainless..... | 5.19! 1.0 1.95 


TABLE Model 1007 104 Sq. 
Fixed Tube Heat Exchanger: Comparison 
Three Materials 


Sales Cost/ Ratio to 
Type Material Price Sq. Ft. | Stainless 
Tyoe 316. $1575 $15.15 1.0 
Hastelloy C $4330 $41.60 2.75 
Titanium...... | $7250 $69.60 4.60 


transverse give good measure the 
joint efficiency, but failure usually takes 
place the base metal. The flat bar 
specimens with the weld longtitudinal 
give good measure the weld joint 
ductility and better indication the 
weld joint tensile strength. The latter 
has not been used extensively the 
transverse specimen but its use has been 
strongly recommended some investi- 
gators. 


Two Types Bend Tests Used 


Two types bend tests commonly 
used are the guided bend the free 
bend, each which the weld may 
longitudinal transverse the direc- 
tion stress. There has been 
industry-wide agreement standardize 
one type test, the acceptable 
limits for each. The guided, 105 degree 
bend test has proved good test for 
welds material about gauge. 
heavier materials Pfaudler favors the 
free bend test, used primarily qual- 
ity control check the welding pro- 
cedure and performed before each new 
piece equipment built when 
different type weld made. 


Non-Destructive Test Methods 


The three most commonly used non- 
destructive tests are X-ray, dye-pene- 
trant and visual inspection. X-ray 
useful checking for porosity, weld 
penetration and generally will detect 
cracks. Dye-penetrant inspection use- 
ful detecting cracks and often 
standard inspection for welds that are 
made under restraint conditions. Welds 
usually are examined visually check 
the gas protection during welding. 
heavy scale indicates that the weld has 
been severely contaminated the at- 
mosphere and has poor ductility. The 
surface the weld may shiny but 
blue violet-brown. These colors 
result from oxide formation when the 
metal cooling after solidification. 

However, much more important than 
the interstitial pick received when 
the solidified metal cools the pick 
the molten metal. Molten titanium 
can rapidly absorb large quantities 
the interstitial elements while the rate 
diffusion hot solid metal much 
slower. Consequently, discolored weld 
could have had excellent protection 
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when molten but inadequate protection 
during cooling and still have acceptable 
physical properties. The reverse also 
could happen, that is, weld could have 
had poor shielding when molten and 
good protection during cooling. This 
weld would bright and shiny but 
would have very poor mechanical prcp- 
erties. There definitely need for 
good nondestructive test for weld 
contamination. 


Some investigators have found the 
circular patch weld restraint tests 
studying the capacity welds 
withstand high shrinkage stresses 
slow sustained strain-aging stresses, 
Some experience date indicates that 
tests this nature are desirable and 


Cost Titanium Equipment 


Although weight comparison, 
tanium much more costly than most 
other corrosion resistant materials, the 
cost finished equipment 
favorable titanium, and when 
considered that further cost reductions 
are immediate prospect, becomes 
even more interesting for future equip- 
ment. 


necessary also, comparing the 
prices engineering materials weigh 
the factors involved capital amortiza- 
tion, which may favor titanium some 
cases because its 
life when compared other less costly 
materials. Such factors down time, 
lost production and maintenance also 
need taken into account. 


Some these points are illustrated 
Tables and For simplicity, the 
cost per pound the materials are 
average prices figured dividing the 
weight material required the total 
cost the material. The cost per 
pound all the materials varies widely 
depending the size, quantity, etc. 
The cost the carbon steel used for 
backing the titanium liner included 
the cost the finished reactor and 
not shown separately. this small 
heat exchanger the price comparison 
even more favorable for titanium than 
the 200 gallon reactor shown Table 
This largely because liner type 
construction the tube sheets and 
bonnets. 


Conclusion 


illustrated that the designs 
considered titanium equipment about 
five times expensive Type 316 stain- 
less steel. This factor will vary depend- 
ing upon the design, size and other con- 
siderations. attempt has been made 
also illustrate that titanium equipment 
for the chemical industry reality 
and should receive the corrosion en- 
gineer’s consideration for severe corro- 
sion services. 
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Alloys, 


Corrosion protection Monel nickel-copper alloy extends over 
manway lip this Monel-clad steel-jacketed autoclave. 
Solid Monel alloy used for baffle plates and agitator parts. 


TECHNICAL TOPICS 


Photo and information courtesy of CHEMICAL PROCESSING. 


Three these units were fabricated the Colonial Iron 
Works Co., Cleveland, for Westvaco Chlor-Alkali Division 
Food Machinery Chemical Corporation. 


Now good for three times the life! Monel withstands 
attack abrasive silica 50% caustic 


This Monel-clad autoclave has been 
producing sodium silicate for six 
years Westvaco’s plant South 
Charleston, Va. 


Inspection indicates that the unit 
good for least another four 
years. That’s better than three times 
the life its predecessor. 


In-plant corrosion tests 
determined choice 
the basis for redesign earlier 
equipment, engineers the West- 
vaco plant relied the results in- 
plant corrosion tests conducted co- 
operatively with Inco’s Development 


and Research Division. 

These tests indicated that Monel* 
nickel-copper alloy provided the 
maximum resistance the abrasive- 
corrosive action silica flour 
agitated 50% caustic 175 psi and 
350°F. The tests further indicated 
that 0.125-inch Monel alloy clad- 
ding steel could expected last 
ten years more. 

The first few months experience 
with the initial Monel-clad unit con- 
firmed test results, second, and 
later third, unit 
Maintenance and replacement sav- 
ings have been substantial and all 


three units have plenty service 
life left. 

Metals that fail too soon for 
corrective study and action 
Inco prepared help you deter- 
mine the nature and causes metal 
failure and suggest materials able 
withstand the conditions. All takes 
get this help note our 
Development and Research Division. 


#Registered trademark 
The International Nickel Company, Inc. 


INCO NICKEL ALLOYS 
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Variables Affecting Validity 
Accelerated Coating Tests* 


ANY CORROSION engineers are 

still dubious about 
ness surface coatings for controlling 
severe corrosion. many 
doubts are well-founded, because there 
certainly single, miracle working 
coating which will automatically handle 
all problems. There are, however, sev- 
eral types coatings now available 
the most severe conditions, provided the 
proper coating selected and carefully 
applied. The big problem how 
select the right coating; 
nately there simple answer. 

have some kind chart catalog 
which would make possible for the 
corrosion engineer select the best 
coating for given set conditions. 
National Association Corrosion Engi- 
neers technical committees have made 
great strides this direction, but most 
the committees have discovered that 
will indicate the one best coat- 
ing for the job hand. There are too 
many variables conditions 
coating materials and 

For example, there are today more 
than dozen commercially available 
vinyl chloride type resins which can 
used for surface coatings. These resins 
are means the same. They differ 
widely chemical resistance, weather 
resistance, water resistance, ease of ap- 
plication, adhesion and other less 
obvious ways. addition variations 
properties there are 
plasticizers, pigments, stabilizers 
solvents. Manufacturing methods 
also have surprisingly great effect 
upon the properties coating. Often 
the manufacturer’s skill formulating 
influences the coating 
performance more than the choice 


Order Mixing Important 

Figure demonstrates the importance 
manufacturing “know how.” Two test 
rods illustrated were exposed hydro- 
acid. The coating each 
men was prepared according exactly 
the same formula, using standard manu- 
facturing processes, the difference being 
the order which some the ingredi- 
ents were mixed. This made the differ- 
ence between success and failure the 
coating the environment and shows 
the futility attempting evaluate 
coating the basis resin type 
formula alone. 

true that review resin prop- 
erties can assist guiding investiga- 
tion. However, the one best material for 
any set conditions can determined 
testing only. 

Obviously the best method would 
test under actual operating conditions. 


* A paper presented under the title ‘Accel- 
erated Testing of Protective Coatings,’ by 
John I. Richardson, Technical Director, The 
Amercoat Corp., South Gate, Cal. at a meet- 
ing of South Central Region, National 
Association of Corrosion Engineers, San 
Antonio, Texas, October 23-26, 1956. 


Abstract 


Some of the variables that affect the 
performance of coatings that need to 
be considered in evaluating results of 
accelerated tests are given. These in- 
clude variations in materials, formu- 
lation procedure, surface preparation 
and the materials used for surface 
~reparation, environmental factors, 
application variables. 2.3.2 


Because seldom practical test 
coating actually lining tank, some 
type laboratory test required 
give indication the suitability 
coating. Preferably, some accelerated 
method should found results can 
obtained rapidly. 


Hazards Accelerated Tests 


Unfortunately, many corrosion engi- 
neers have found that accelerated tests 
not indicate accurately performance 
obtained actual use. 
take into account all variables factors 
which affect coating performance. These 
principal factors are: The environ- 
ment. The type surface its 
preparation. Care and uniformity 
application. 

obvious anyone familiar with 
protective coatings that these factors are 
important, but even the most expert 
sometimes have been surprised the 
degree variation found under actual 
operating conditions, Reliable tests must 
take these factors into consideration. 

few examples follow, showing what 
type variation the influencing fac- 
tors can expected and how failure 
recognize them can result invalid 
tests coating failure. 


Influence Environment 


Obviously, the coating must 
sistant the environment, which, 
the case tank lining, the contents 
the tank. Testing the resistance 
the coating itself ordinarily one the 
most straightforward problems. al- 
ways possible test the coating 
applying small specimens and ex- 
posing them the material held 
the tank. 

not always simple, however, 
accelerate test results without intro- 
ducing other factors not expected 
service. For example, coating 
used contain dilute acid would 
logical, some degree, accelerate 
the test increasing the concentration 
the acid the temperature. How- 
ever, possible that either one 
these could lead confusing mis- 
leading results. For example, some coat- 
ings will hold better concentrated 
sulfuric acid than they will dilute 
solution. Thus, the exposure 
percent solution the wrong answer 
would obtained the materials were 
tested solution percent con- 
centration. increase temperature 
used accelerate the test, results 
could thrown off again because some 
coatings are affected greater degree 
than others increased temperature. 
test elevated temperatures will not 
necessarily indicate the comparative re- 
ture. 


> 


Figure 1—Specimens with identical coatings after 
exposure to hydrochloric acid showing the results 
of mixing ingredients in different order. 


When chemical resistance tests are 
made, the results should evaluated 
two ways: The effect the environ- 
ment the coating, and The pro- 
tective value the coating. These are 
not necessarily the same, because coat- 
ing can apparently unchanged and 
yet allow extensive underfilm corrosion, 
which would mean eventual failure. 


Changes physical properties the 
coating also can occur and these are 
sometimes harmful, 
cial. Some coatings actually are im- 
proved exposure acid alkali, 
the case may and their physical prop- 
erties should evaluated after chemical 
test. 

Another pitfall failure take into 
account the result environment 
changes. For example, suppose lining 
required for tank which will contain 
alternately caustic soda and ethylene di- 
chloride. begin with, immersion tests 
are made both liquids and coating 
found which satisfactory either. 
might concluded from these tests 
that the coating would suitable for 
handling the alternate ladings. However, 
laboratory tests which the coating 
exposed alternately caustic and ethyl- 
ene dichloride, two days each, show 
signs failure after four cycles. Multi- 
ple ladings frequently result this type 
failure and tests tank linings for 
this purpose should simulate the exact 
conditions closely possible, includ- 
ing alternate exposure the various 
cargoes the actual operating tempera- 
tures. 


Type Surface and Its Preparation 
extremely important know the 
exact type surface over which the 
coating applied. Most tanks en- 
countered the transportation field are 
made mild steel, but occasionally 
(Continued Page 130) 
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Here are five 
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ways use 


versatile-flexible 


PAINT protect plant and 
equipment from attack corrosive 
fumes and gases. Applied brush 
spray, Tygon air dries quickly form 
tough impermeable plastic skin that 
shrugs off acids, alkalies, oils, water 
and alcohols. 


MOLDED ITEMS. Tygon’s tough- 
ness, durability and flexibility, coupled 
with staunch chemical resistance, offer 
pronounced performance characteristics 
for grommets, washers and molded 
mechanical goods items virtually any 
shape. 


WRITE TODAY for the TYGON 
PORTFOLIO. Pertinent data and tech- 
nical characteristics the various Ty- 
gon compounds enable you de- 
termine just how you can use Tygon 
most advantageously. Free, request. 


Address Dept. CO158. 


PLASTICS 


protect the interior pickling, plating, 
chemical processing and storage tanks 
from destruction corrosive solutions. 
Easier install than rubber linings, 
Tygon can applied tanks any 
size shape. 


TUBING HOSE pipe taste- 
sensitive liquid foods corrosive 
chemicals. Tygon Tubing glass-clear, 
flexible piece string, resistant 
acids and alkalies, non-toxic, steri- 
lizable, and made bores from 
1/16” 2”. 


CORROSION-RESISTANT 
GASKETING. Tygon shows chemi- 
cal deterioration with age. Gaskets 
remain flexible and tight, unaffected 
weather exposure chemicals. 
Tygon gaskets are available al- 
most unlimited size range. 


Tygon but one number specialized materials manu- 
factured and fabricated The United States Stoneware 
Company its affiliated divisions. Other products include: 


chemical ceramics, stoneware porcelain; sintered 


metallic oxides; natural, neoprene, silicone other synthetic 


rubbers; acid brick and cements; adhesives and organic bond- 


ing agents, and specialized processing equipment. 


Akron Ohio 


New York 


Chicago 


497-0 


aig 

q 
% 
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Figure 1—Battery of metal treating tanks in an 
plastisols, 


HIS PAPER covers vinyl compo- 

sitions which can applied in- 
tricate and complex shapes readily 
vinyl paints but thicknesses approach- 
ing that obtainable with sheet linings. 
These compositions are called plastisols. 
Plastisols are fluids, they displace 
rather than pocket air, contain little 
solvent, hence there risk 
solvent entrapment and they can 
formulated cover edges and sharp 
projections form seamless, tough and 
resilient films linings. 

Vinyl solution coatings paints are 
prepared dissolving vinyl resins 
solvents, usually ketones mixtures 
ketones and aromatic hydrocarbons. 
Resin content generally limited 
percent the total weight due 
its limited solubility. After application 
the solvent evaporates from the fluid 
film leaving behind the solids content 
the coating, the bulk which resin 
and pigment. Even with heavy pigment 
loading, film thicknesses seldom exceed 
mils. 


Characteristics Plastisols 


Plastisols are dispersions suspen- 
sions discrete vinyl resin particles 
nonvolatile liquids known plasticizers. 
Transformation this dispersion into 
continuous film governed the 
solvating characteristics plasticizers 
the vinyl resin. Solvent action 
plasticizers the vinyl resin func- 
tion temperature. normal room 
temperature the plasticizer 
little solvating effect but increases un- 
til temperature reached which 
the solvency power 
sufficient completely dissolve the 
resin. 

plastisol coating will remain its 
original liquid condition indefinitely but 
when heat applied solvation the 
resin the plastisol creates gel-like 
structure. For best film properties, the 
coating must reach temperature 
which the resin completely dissolves 
the plasticizer, which time the coat- 
ing changes from two phase dispersion 
single phase continuous film. The 
tion occurs depends upon the plasticizer 


paper “presented under the title ‘“‘Plastisols 


Combine Thickness With Chemical Resist- 
ance,” by F. L. Scott and W. C. Hosford, 
Metal and Thermit Corp., Rahway, N. J. at 


the 13th Annual Conference, National Associa- 
tion of Corrosion Engineers, St. Louis, Mo., 
March 11-15, 1957. 


aircraft plant lined with 


plasticizer blend, almost always be- 
tween 350 and 375 The cooled plasti- 
sol film becomes tough, resilient, 
chemically resistant plastic. 

Because plastisols contain volatile 
solvent and because transformation 
continuous films does not depend 
release volatile reaction products 
possible dip, spray, mold films 
ranging thickness from 0.001 0.25- 
inch. Plastisols have specific adhe- 
sion metal, for adequate bonding 
special primer systems 
These primers are based mixtures 
vinyls, phenolics, 
triles and epoxies. properly formulated 
primer-plastisol system usually averages 
bond strength 100 pounds 
per inch. Some primer systems are ex- 
ceptionally resistant corrosion under- 
cutting the event scoring the plas- 
tisol coating occurs. 


Applications Are Numerous 


Possibly the first commercial use 
plastisols metal was insulation for 
electroplating racks. this application 
they have replaced all vinyl solution 
coatings and rubber insulation almost 
completely. operate successfully 
rack coating, the plastisol not only 
must confine the current the work 
being plated but must chemically re- 
sistant well. Typical solutions en- 
countered electroplating are given 
Table 


Their toughness and abrasion resist- 
ance demonstrated their use 
rack coatings where, prior plastisols, 
solution rack coatings formulated from 
high molecular weight vinyls had neces- 
sary chemical resistance but failed 
within few months because their 
inability withstand mechanical abuse. 
contrast this, plastisol rack coat- 
ings remain automotive plant service 
without failure throughout the useful 
life racks. Because design changes 
racks usually are obsolete require 
major alterations every two years. 
other industries where changes rack 
design are less frequent plastisol rack 
coatings withstand three four years 
daily use. 


Hot Dip Technique Used 


applying plastisols plating racks, 
hot dip technique used which also 
applicable many pieces chemical 
eauipment such agitators, fan blades, 
filter plates, bubble cap plates and even 


for Resistance 
Chemicals 
and Abrasion* 


Abstract 


Characteristics of vinyl plastisols are 
described. Examples of their success- 
ful use are given when applied as 
coatings on plating racks, bubble 
trays and duct systems, as linings on 
tanks containing corrosive liquids, as 
linings for centrifugal cleaners in the 
pulp and paper industry and as re- 
usable drum linings, Their resistance 
to mechanical abuse is emphasized. 

5.4.1 


small tanks. Advantage taken 
the increased solvating effect the 
plasticizer the resin with increased 
temperature. 


apply heavy thickness, the article 
coated preheated and while still 
hot immersed the plastisol. The 
heat given off the 
article will set gel the plastisol adja- 
cent the article. This gelled coating 
will not drain off when the article 
withdrawn. The coating then fused 
thick single dip. 


While this technique practical for 
handling comparatively small articles 
and employed even the slush coat- 
ing small tanks, spray technique 
necessary for large equipment. The 
plastisol used hot dipping drains 
ireely. Although can spray ap- 
plied, preheating the article being 
sprayed required obtain heavy 
build. Often this not practical, for 
spray application plastisol must have 
fine balance flow characteristics. 
Too much flow results sags, runs and 
lack film build while sufficient flow 
necessary fill voids the metal 


TABLE 1—Typical Solutions Encountered 
Plating Baths 

Water Rinses—Temperatures ranging 
from ambient boiling. 

Detergent Cleaners—8 oz. per gal., tem- 
peratures from ambient boiling. 

Alkali Cleaners—16 oz. caustic per gal., 
temperatures from ambient 
boiling. 

Chromium Plating Bath—34 oz. chromic 
acid per gal., temperature 100 
150 

Nickel Plating Bath—40 oz. nickel chlo- 
ride per gal. 150 160 

Copper Plating Bath—3 oz. both 
copper and sodium cyanide per 
(Continued Page 128) 
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unbeatable 


The unique ability Pruf- 
coat Hot-Spray Vinyl pro- 
vide the essential extra 
protection needed sharp 
edges and corro- 
sion-vulnerable trouble spots 
this photo showing sharp 
saw left heavily 
vinyl coated. 


Check these Prufcoat 
Hot-Spray Vinyl features! 


Just One Application Needed 
Paint Fogging 

Greatly Minimized Overspray 
Superior Edge Build 
Remarkable Adhesion 
Improved Coating Density 
Big Cost Savings 

Easy Application 


Many Colors 


For complete details Prufcoat Hot-Spray Vinyl 
write call 


EDGE 
Prufcoat Hot-Spra 
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Corrosion engineers need longer plagued the early occurrence 
corrosion such normally hard-to-protect trouble spots welds, 
sharp edges, threads, bolt heads, rivets and the like. For with Prufcoat 
Hot-Spray Vinyl, excellent edge protection automatically achieved 
the course normal hot spray application and, desired, extra 
spray pass two can made over such spots get additional in- 
surance against corrosion gaining even the slightest foothold. 


Prufcoat Hot-Spray Vinyl features vinyl coating chemical resistance 
its best. Use the hot spray application method means less tendency 
toward porosity and pinholing. denser coating produced that 
mil for mil you get better protection longer service life. 


And you can have the coating thickness your choice just one un- 
more depending upon your requirements. Rigging and scaffolding 
can held absolute minimum. Maintenance painting costs can 
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Figure 2—This unit is shown after a year’s service 
after coating with a standard maintenance paint. 


Figure 3—This unit, protected plastisol coat- 
ing, also has had year’s service. 


Figure 4—Grinding close tolerance for flange 
fitting is another asset of plastisol linings. 


Vinyl Plastisols— 
(Continued From Page 126) 


substrate, prevent the formation air 
pockets and deposit smooth, uniform 

sols was lining for the exhaust sys- 
tem for large electroplating plant 
where fumes consisted mixtures 
hydrochloric, nitric acids. 
two-coat application plastisol total- 
ling mils was employed. This duct 
system shows evidence deteriora- 
tion after four years service. 


Bubble Tray Coated 
Plastisols were used coat 
diameter 400-pound bubble tray the 
bottom 60-foot scrubbing tower, 
supporting packing composed car- 
bon ceramic rings. Gases containing 


TABLE 2—Effect Corrosive Solutions Plastisol Linings Tanks 
(Two Years’ 


Temp. 

SOLUTION Concentration Degrees F Comments 
25 oz/gal + 7 oz/gal NaNOz 75 Blistered 6-9 Mo., 
Chromic Acid 24 oz/gal 140 No Effect 
Chromic Acid. . 33 oz/gal (Electrolytic) 131 No Effect 
Chromic Acid. . 37 oz/gal 75 No Effect 
Hydrofluoric Acid | 15 percent 75 Blistered 9-12 M 1s, 
Hydro Fluorosilicic Acid.........| 2 percent 75 No Effect 
Hydrochloric Acid.............. 18 percent 75 No Effect 
8% 2% HeSOs 75 No Effect 
Hot Water Rinse......... 160 No Effect 
| 3 oz/gal + 4.5 oz/gal NaCN 

| 2 oz/gal NaCOs (Electrolytic) 140 No Effect 
7% + 2% HF 75 No Effect 


hydrochloric and nitric acid fumes 
bubble through the packing while 
caustic solutions trickle down, removing 
and neutralizing the acid fumes. Sheet 
rubber previously used protect these 
trays was adandoned favor plasti- 
sol because their high cost. After 
two years the plastisol coated bubble 
trays are still standing up. 


Successful application exhaust sys- 
tem linings led use spray plastisols 
for tank linings. 

Figure illustrates battery tanks 
the metal treating department 
major aircraft plant “where the dichro- 
mate treatment magnesium, the Alo- 
dine treatment aluminum and copper- 
nickel-chromium plating are performed. 
Fifty-two tanks this department are 
lined with spray plastisol. Table lists 
lined tanks. Large tanks frequently are 
fabricated and coated sections and 
bolted together after the lining has been 
baked. 

the nearby engine division this 
company where jet and piston engines 
are built, spray plastisols, addition 
being used linings for rinse and plat- 
ing tanks, duct work, fans and chemical 
filters, are used mils thickness 


the exterior maintenance coating 
over 1000 tanks. 


Plating Tank Bottom Protected 

plating installations overflow com- 
monly discharged into drainage 
troughs beneath the tanks where con- 
tinuous exposure acid fumes causes 
rapid corrosion bottoms. The thick- 
ness and greater resistance mechani- 
cal abuse the plastisol coating gives 
good protection these inaccessible 
areas. Figures and show how con- 
ventional maintenance paint compares 
with plastisol coating after year 
service. Plastisol tank lining often 
applied four five spray coats 
build thickness 100 mils but 
plastisol formulations recently developed 
will build 100 mils two spray 
coats. Different color plastisols are used 
alternate coats aid proper 
application. Spot checks the wet film 
thickness are made using wet film 
thickness gage. After curing, the thick- 
ness gauged again and tested for pin 
holes with high frequency spark tester. 

Many materials construction have 
been investigated for the fabrication 
centrifugal cleaners developed 
move foreign matter from pulp and 
paper stock. All metal cleaners were 
unsatisfactory because excessive wear. 
extreme example the wear which 
can occur these cleaners illustrated 


the fact that metal particle, 
about the same mass bolt, 
travelling around inside the cleaner 
the same orbit can completely shear 
unlined thick cast iron 
few weeks. Four years ago one 
manufacturer adopted %-inch molded 
plastisol lining for its cleaners and today 
there are about 6000 plastisol lined 
cleaners operation over 400 pulp 
and paper plants throughout the United 
States, Canada and foreign countries, 


High Finish Retained 

Figure illustrates surface grinding 
flange gasket molded integral 
part this lining. Ability closely re- 
produce highly polished mold surface 
and maintained the finish under extreme 
conditions abrasion and under ex- 
posure variety solutions accounts 
for the success plastisols 
application. 

Versatility plastisols demon- 
strated use molded liners 
tank linings 125 mils and 
permanent maintenance finishes ap- 
proximately mils. Phosphatized and 
primed steel containers lined with ap- 
proximately mils plastisol fused 
365 have record four five-fold 
Plastisol drum linings overcome 
some the difficulties with conven- 
tional coatings because they have ex- 
cellent flexibility and resistance im- 
pact and their toughness preserves film 
integrity against mechanical abuse while 
film thickness sufficient seal off 
seams and prevent corrosion contamina- 
tion product. Some materials success- 
fully handled drums lined are con- 
centrated phosphoric acid, magnesium 
fluosilicate (concrete hardener), deter- 
gent concentrates, percent lactic acid 
and acid dyes. 


DISCUSSIONS 
Question Albert Ackoff, Eastman 
Kodak Co., Rochester, Y.: 
What test method used for checking 
pin holes, discontinuities, 


Reference made NACE Technical 
Committee Report, Publication 54-4, 
“Application, Technology, Physical 
Characteristics, and Chemical Resistance 
two methods testing for discontinuities 
are described. One method uses high 
frequency spark tester when the linings 
are thicker. For linings rang- 


(Continued Page 130) 
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Won’t Crack, Craze, Chip 


EVEN TURNED WRONGSIDE OUT 


The flexibility new TK-33 gives you greater 
protection against chipping and peeling than any other 
product. The coating adheres the metal despite 
dropping, smashing, bending. laboratory tests, 
mil coating TK-33 passes inch mandrel bend. 
This ability TK-33 move with the metal means 
you are buying more protection with TK-33 than was 
ever possible before. standard G-E Impact- 
Flexibility Tester, TK-33 coated aluminum pipe passes 
per cent elongation 14.8 impact. 

With these new high standards impact and chipping 
resistance, TK-33 coated pipe also has excellent resist- 
ance acid and caustic fluids. Resistance abrasion 
excellent. New TK-33 your answer corrosion 
problems pipe for gathering lines, salt water disposal 


systems, flow lines, and similar uses. 


This new product unique formulation containing 
polyurethane. Like all Tube-Kote products, has been 
tested and proved. 

Write call for Tube-Kote representative demon- 
strate the amazing flexibility TK-33. will 
happy send you complete information and sample 
coated with TK-33. 


SERVICE MARK REG. U. S. PAT. OFF. 


TK-33 Baked Polyurethane Coating 
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Variables Affecting— 
(Continued From Page 124) 


coating will required for some other 
type surface. Examples are stainless 
steel, aluminum, galvanizing, other 
“metallized” surfaces which zinc 
aluminum has been applied flame- 
spraying. coating which 
for use over one these materials will 
not necessarily suitable for the others, 
tests should made over the type 
surface actually encountered. 

When evaluating surface preparation, 
the exact quality and degree variation 
should known. For example, blast- 
cleaning can specified and the sur- 
face can cleaned this method 
such way that all rust, scale, and for- 
eign matter removed. However, the 
exact surface condition not known 
unless the maximum profile depth 
measured also. has been previously 
pointed out Arno Liebman’ that the 
profile depth should approximately 
one-quarter the total coating thick- 
ness. Therefore, this should specified 
and controlled relation the coat- 
ing thickness for any given application. 

Another possible source difficulty 
contamination after the surface has 
been blasted. This was observed during 
one the first applications vinyl 
coating tank car number years 
ago. this case the interior was blast- 
cleaned according the specifications 
and the first coat was applied the 
surface the normal way. However, 
the next morning the prime coat was 
still tacky (and this was material 
which normally dried hard within few 
minutes). Air was circulated the tank 
and another day drying was allowed. 
The coating was still tacky. 

Finally, investigation the history 
the car revealed previously had 
carried load beeswax. The sand- 
blasting removed the 
rust and scale but had also succeeded 
spreading thin invisible film wax 


TECHNICAL 
REPORTS 


MARINE COATINGS 
T-1M Suggested Coating Specifications 
for Hot Application of Coal Tar 
Enamel for Marine Environment. A Report of 
NACE Technical Unit Committee T-1M on 


Corrosion Oil Gas Well Producing 
Equipment in Offshore Installations. Publica- 


tion No. 57-8. Per Copy $.50 
Painting Specifications 

for Marine Coatings. A Report of 
NACE Technical Unit Committee T-1M on 
Corrosion of Oil & Gas Well Producing Equip- 
ment in Offshore Installations. Publication 
No. 57-7. Per Copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


over the entire surface. Thus, surface 
preparation this case was not satis- 
factory and the tank had steam- 
cleaned and reblasted. 

Because many tank car repair shops 
use recirculating grit abrasive for 
blast-cleaning possible for similar 
difficulty occur whenever this system 
used. The grit becomes contaminated 
after has been used clean out vari- 
ous materials which remain the sur- 
faces cars and when reused, distrib- 
utes these materials over every surface 
the only way the surface can cleaned 
thoroughly follow the grit blasting 
with another blast using clean sand. 
Though this problem somewhat re- 
moved from that accelerated testing 
coatings, variable which should 
considered the desired results are 
obtained from the coating appli- 
cation. 


Application Factors Are Important 


Another factor which must con- 
sidered the continuity the coating 
after applied. Under certain condi- 
tions some coatings will fail rapidly 
any bare edges are exposed. example 
this found when coatings are ex- 
posed 
Many coatings will hold successfully, 
even this highly corrosive mixture, 
provided the film perfectly intact. 
However, should break occur, the 
coating will lose adhesion rapidly and 
will rapidly peel off. The possibility 
discontinuities breaks the coating 
should recognized when testing coat- 
ings for tank linings. 

are examples few pitfalls 
encountered the selection and use 
protective coatings. Unfortunately, there 
established way eliminate these 
hazards. Most important are recognition 
the variables encountered and use 
tests show, realistically, performance 
obtained under actual conditions. 

Chemical resistance coating must 
determined under actual conditions. 
Surface preparation and application 
either must controlled the exact 
conditions must recognized coat- 
ing can selected give optimum 
performance under surface preparation 
and application conditions the job 


Reference 
1. Report on Surface Preparation of Steels for 
Organic and Other Protective Coatings. 
TP-6G—Surface Preparation for Organic 
Coatings. NACE Publication 53-1. 


Plastisols— 


(Continued From Page 128) 


ing between mil and 
called “continuity” tester used. de- 
scription this continuity tester given 
the report. 


® Application, Technology, Physical Charac- 
teristics and Chemical Resistance of Poly- 
viny!] Chlor-Acetates. Report of T-6 A. 
Corrosion, 10, No. 10, 349-354 (1954) Oct. 


Discussion McBride, Houston: 

Hot dip applications plastisols 
not present concrete evidence the 
bond being maintained while the coated 
article submerged service corro- 
sive environments. The bond can 
merely physical phenomenon 
hesive bond the plastisol itself. 

question deals with the adhesive 
system. Are there present any bond- 
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ing agents that will satisfactorily main- 
tain bond between plastisol and 
large metal substrate while submerged 
service maximum recommended tem- 
could any plastisol adhesive manufac. 
tured present maintain strong bond 
between palstisol and metal during ex- 
tended service pickle solution 
muriatic acid 160 


primer system retain its adhesion 
while submerged service function 
the service treatment the metal 
prior the application the bonding 
primer, the composition the primer, 
the composition the plastisol, the film 
thickness the plastisol applied and 
the nature the solution contact with 
the lining system. There are plastisol/ 
primer systems that will 
bond during extended service many 
chemical solutions temperatures 
150 160 However, not know 
any plastisol/primer system that will 
maintain bond muriatic acid 160 
particularly concentration higher 
than percent hydrogen chloride. 


Questions Mills Dean III, David 
Taylor Model Dept. the 
Navy, Washington, 

1.In general terms what are the tech- 

niques for cementing system use 

today for bonding flexible rigid vinyl 
sheeting tank linings? 

2.Does anyone your knowledge 
have solventless system current use 
for bonding flexible rigid vinyl sheet- 
ing? 


ford: 

The questions are somewhat outside 
the scope the paper, however, 
may desirable include this discus- 
sion. Our comments are follows: 

When bonding vinyl sheeting 
steel, the steel surface must cleaned 
free mill scale, rust, etc. Generally 
recommended that this accom- 
plished grit sandblasting. The steel 
surface then immediately primed with 
the bonding cement and allowed dry 
completely. The vinyl sheeting cleaned 
with ketone type solvent remove 
mold parting compound and then sec- 
ond coat cement applied both 
the steel and the vinyl sheeting and al- 
lowed dry until tacky stage 
reached. The sheeting then warmed 
and pressed against primed steel surface. 
All seams are then covered with nar- 
row strip vinyl sheeting. 

2.To the best our knowledge sol- 
ventless cements are not current use 
for bonding flexible rigid vinyl sheet- 
ing. 


Oak Ridge Industrial 
Course Offered 


Applications are being accepted now for 
two-week course industrial isotope 
radiography the Oak Ridge Institute 
Nuclear Studies held Oak Ridge, 
Tenn., May 5-16. designed give 
supervisory and technical personnel facility 
handling sealed isotope sources use 
them safely and efficiently. 

Brochures describing the course and ap- 
plication blanks are available from Ralph 
Overman, Chairman, Special Training 
Division, Oak Ridge Institute Nuclear 
Studies, Box 117. Deadline for ap- 
plication March 
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3.5 Physical and Mechanical 
Effects 


3.5.8, 3.7.4, 3.2.2, 2.3.7, 1.6 


Stress Corrosion Cracking and Em- 


tor. Book, December 1956, 202 
John Wiley Sons, Inc., 
Ave., New York 16, Y.; Chapn 
and Hall Ltd., London. 

Papers presented symposium 
ranged Corrosion 


440 Fourth 


lan 


ar- 


The 


Society, Boston, Octo- 


ber, 1954. Included are: 
Phenomena and Mechanism 
Stress Corrosion Cracking, Julius 


Harwood; The Structure Grain Bound- 


aries, Bruce Chalmers; 
tors Associated with 


Cracking Homogeneous Alloys, 
Stress Cor- 


Robertson and Bakish; 


Structural 
Stress Corrosion 


ac- 


Cracking Homogeneous Alloys, 
Graf; Metallurgical Aspects Stress 


Cracking Aluminum 
loys, Perryman; The Mec 


Al- 
ha- 


nism Stress Corrosion Cracking Ob- 


served Magnesium Alloy, 


The Role Boundary Adsorp- 
tion Stress Corrosion Cracking, Rudolf 
Speiser and Spretnak; Stress Cor- 
rosion Cracking Austenitic Stainless 
Steels Aqueous Chloride Solutions, 
Hoar and Hines; The Phenomena 
Stress Corrosion Cracking Austenitic 


Stainless Steel, Edeleanu; 


orrosion Cracking Mild Steels, 
the Mechanism Chem- 
Hydrogen 


ical Cracking, Evans; 


Stress 


Iron and Its Alloys, Heller; 


Steel with Varying Conc 
trations Hydrogen, 
Baldwin, Jr.; 


‘echniques for the Investigation 


Taiji Toh and 
Laboratory 


Corrosion Cracking, Copson. 


379 


3.5.8, 6.3.6, 2.3.7 

Investigation the Field Stress- 
Corrosion a-Brass Ammonia Va- 
por. Pt. II. The Kinetics Crack- 
Formation. (In German.) AEBI. 
Metallkunde, 47, No. 421-426 (1956) 

une. 

Graphical representation durability 
against initial stress stress-corrosion 
tests discussed and mathematical re- 
lation developed.—BTR. 12740 


3.5.8, 6.3.6, 4.3.3 

The Stress Corrosion Cracking 
Copper Alloys. Rept. II. Straight 
Corrosion Engineering, No. 
81-85 (1956) April. 

Investigation stress corrosion crack- 
ing straight brass containing zinc 
50% and influence stress upon 
the electrode potential 70/30 brass 
aqueous ammonia. 

was demonstrated that alloys con- 
taining 35-40% zinc had lowest resist- 
ance cracking aqueous ammonia 
and alloys containing 26% zinc 
were susceptible intergranular crack- 
ing, while brass with over 30% zinc 
suffered transcrystalline cracking. 

There was the following relation be- 
tween the rupture time (P) and the 
magnitude stress the 
same relationship held between rupture 
time and concentration ammonia. 

Potential-time curves stressed brass, 
compared with those non-stressed 
specimen, have shown the 
value immediately after the corrosive 
agent was added; then the potentials 
rapidly became more noble aqueous 
ammonia. 

The electrode potential stressed 
brass, expected, was less noble than 
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that the non-stressed specimen 
sodium chloride solution—JSPS. 12679 


3.5.8, 6.3.15, 6.2.4 

Fatigue Tests Titanium Alloy and 
SAE 4340 Steel Specimens (Final Tech- 
nical Report. Part Report No. 34). 
State Univ. Research Foundation, 
Project 518, Contract AF33(616)-209, 
Jan. 23, 1956, pp. 

The effects fretting-fatigue damage 
the fatigue endurance limit 
140-A titanium and SAE 4340 steel are 
Primarily two variables were 
investigated. One was fretting pressure 
and the second was number fretting 
cycles. The tests were performed 
rotating-beam fatigue testing machines 
equipped with Prot loading attachments. 
was found that titanium general 
more sensitive fretting than steel. 
Titanium also exhibits more scatter 
the test data than does the steel. 
decrease endurance limit observed 
when either the fretting pressure 
number fretting cycles increased. 
(auth).—NSA. 13391 


3.5.8, 8.5.3 

The Failure Welded Drying 
Drum Caustic Embrittlement. 
78, No. 12, 1105-1109 (1956) Dec. 

Description investigation failure 
steel welded drying drum used 
paper industry. Failure was caused 
caustic embrittlement, decarburization 
during annealing and severe stress con- 
centrations. Shell metal was annealed 
low-carbon steel and head metal was 
higher-carbon steel than the shell (with 
0.07 nickel). Photomicrographs, diagrams. 
—INCO. 13170 


3.7 Metallurgical Effects 


The Effects Moisture the Coat- 
ings Metal Arc Welding Electrodes. 
Welder, 25, No. 126, 35-40 
(1956) April-June. 

Main sources potential hydrogen 
present arc atmosphere during weld- 
ing are moisture electrode coating, 
water crystallization, structural 
groups minerals comprising coating 
and atmospheric moisture. Amount 
potential hydrogen present elec- 
trode coating may result hydrogen em- 
brittlement weld metal laid down the 
electrode. For certain electrodes some mois- 
ture the arc zone necessary 
feature best arc operating character- 
istics are maintained. Discussion 
moisture content electrodes includes 
reference steel, nickel-molybdenum- 
vanadium low alloy ferritic and 0.8 
nickel steel electrodes. 

12741 


Behavior Welded Built-Up Beams 
Under Repeated Loads. 
Paper before Am. Welding Soc., 
Mtg., Cleveland, October 8-12, 
1956. Welding J., 36, No. 27s-36s 
(1957) Jan. 

Flexural fatigue tests were made 
small all-welded beams fabricated from 
A373 steel and typical structural grade 
steel. All beams were fabricated 
manual method using E7016 elec- 
procedure. 
Typical butt-welded field splice config- 
urations (either with without cope 


holes) were investigated. Fatigue tests 
were also made as-received mill spec- 
imens A373 and butt-welded joints, 
either parallel perpendicular stress 
direction. Presence splice reduces 
fatigue strength welded beam, the de- 
gree depending splice configuration. 
Tables, diagrams.—INCO. 13472 


3.7.3 

Some Observations with the Electric 
Spark Machining Process. 
AND Metallurgia, 54, No. 326, 
263-268 (1956) Dec. 

Investigation spark machining 
iron showed that deformation the 
metal surface basic feature proc- 
ess and that cracks are produced 
metals which are brittle room tem- 
perature. These effects are removed 
practical applications polishing. Dis- 
cussion theory that metal removal 
effected thermal rather than purely 
mechanical means given. Photomicro- 
graphs, 13431 


How Heat and Time Affect Welding. 
Warp. Gen. Electric Co. Iron Age, 
179, No. 75-77 (1957) Jan. 

each welding pass, temperatures 
weld zone can jump 2500 and 
higher. This temperature changes steel 
and iron parts the crystalline level, 
changing tensile strength and other me- 
chanical properties. How these changes 
take place, when and where they occur 
and their magnitude depend the car- 
bon and alloy content workpiece ma- 
terial, part thickness, heat input weld- 
ing, speed travel, number passes 
and rate which workpiece cols. Iso- 
thermal Transformation Diagram plots 
time against temperature and con- 
trolling cooling rate, moment when 
changes into an- 
other can predicted. Diagram can 
help pin down correct welding proce- 
dures and postweld heat treatment. ITD 
permits predicting time-at-temperature 
needed bring about transformations 
and tells what expect metal adja- 
cent weld zone. warns welder 
formation brittle martensite and calls 
attention need for post-weld heat 
treatment avoid failure service 
through stress cracking. Photomicro- 
graphs, diagram.—INCO. 13181 


3.8 Miscellaneous Principles 


3.8.2, 3.5.9 
Influence Temperature the In- 
tensity Diffusion Current and the 
Thickness the Diffusion Layer. (In 
Bull. Acad. Sci. URSS, 
Classe Sci. Chim., No. 779-783 (1956). 
13202 


3.8.2, 6.3.6, 4.3.2 

Corrosion Copper Sulfuric Acid 
(Technical Report No. XVIII). 
Utah Univ. Inst. for the Study Rate 
Processes, Project NR-051-192, Contract 
N7-onr-45103, July 16, 1956, pp. 

The corrosion copper 
acid solutions was investigated, and the 
rate corrosion was measured de- 
termining the amount cupric ion 
the solution various periods time 
and under known conditions. The rate 
was determined function time, 
agitation the solution, acid concentra- 
tion, and partial pressure oxygen. 


Vol. 


mechanism was postulated that 
the experimental observations. The 
over the range time under all 
conditions investigated and the rate 
observed directly proportional 

the partial pressure oxygen. The 
adsorption process which the 
tive adsorbate was undissociated 
ric acid. Calculations the energy 
activation for the over-all process usi 
the Arrhenius equation was found 
14.2 koal per mole. The rate-determini 
portion the process was consider 
sulfuric acid, followed rearrang 
ment the surface. The adsorb 
species reacted with molecular oxyg 
and decomposed through activat 
complex into the products the 
tion. The net reaction was consider 
correlated applying the Eyring the 
ory absolute reaction rates. (auth) 
NSA. 132 


asa 
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3.8.2, 6.3.11 

Investigations the Electrochemical 
Behavior Gold. (In Italian.) 
Gazz. Chim. Ital., 86, 526-550 (1956) May- 
July. 13326 


PREVENTIVE MEASURES 


5.3 Metallic Coatings 


How Standards Can Serve Guide 
for Corrosion-Protection Metallic 
Coatings. (In French.) 
Corrosion Anti-Corrosion, No. 
22-35 (1956) Jan. 

paper presented the study con- 
ference metallic coatings organized 
June, 1955 the Association des In- 
genieurs Anti-corrosion France 
Francaise. The French 
standards covering metal coatings, ac- 
celerated testing, fabrication, terminology 
and articles protected coatings are 
listed and critically examined. Sugges- 
tions are made for code practice 
the use coatings and brief recom- 
mendations are given the choice 

13288 


5.3.4 

Electroplating Chromium Unusual 
Alloys. Levy. Paper before Am. Elec- 
troplaters’ Soc., 43rd Ann. Wash- 
ington, C., June 17-22, 1956. Tech. 
Proc. AES, 1956, 219-222. 

Presents practical methods 
troplating chromium molybdenum, 
Type 502 stainless, V-36, Inconel 
S-816, Hastelloy Hastelloy 19- 
and Stellite 21. Photomicrographs 
plated specimens are shown; heavy 
nickel deposit was applied 
plate during polishing. Chromium plate 
SAE 4340 shown for comparison 
adhesion. Thickness chromium plate 
inch—INCO. 13377 


5.3.4 

Conservation Nickel Electroplat- 
Naval Industrial Reserve 
craft Plant. Metal Progress, 70, No. 
89-92 (1956) Dec. 

least one-third nickel used 
electroplating expended because 
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poor Principle current 
flow being greatest parts greatest 
curvature considered. addition 
shape, distance between anode 
cathode also affect variation plate 
Methods for controi cur- 
distribution include use “robber,” 
near cathode high-density 
ar. which nickel deposited; place- 
shield between anode and cath- 
force current flow around 
decrease plate thickness normal 
point; use shaped anode in- 
anodes counteract shape cath- 
and increasing anode-to-cathode 


13287 


from the Pyro- 
Sci. Ind. Research (India), 
15, No. 509-515 (1956) Sept. 

conditions for electrodepo- 
zinc from pyrophosphate bath 
ablished. Deposits comparable 
from cyanide bath; effect various 
lition agents quality deposits 
BNF. 13403 


5.9 Surface Treatment 


Finishes for Aluminum Alloys. Pt. 
Anodic Coatings. Pt. 
Chemical Conversion Coatings. 
Metal Progress, 70, Nos. 
75-78, 97-101 (1956) Oct., Nov. 

This review article detailing 
processes used applying anodic 
chemical coatings aluminum in- 
pretreatment and post treatment 
such sealing and dyeing. 

This review article the 
chemical conversion coating finishes 
for aluminum alloys. These are mostly 
coatings formed from the chemical re- 
action aluminum with chromic solu- 
tions. They provide excellent resistance 
corrosion and good bases for paint. 
They are inexpensive produce and 
have replaced anodic coatings many 
applications. 13325 


5.9.4 

The Origin the Hydrated Oxide 
Formed When Anodic Aluminium Ox- 
ide Films are Sealed Boiling Water. 
Kerr. Proc. Phys. Soc. (England), 
Sec. 69, Pt. 10, No. 442B, 1055-1056 
(1956) October 

Further new evidence the origin 
the Y-A100H, made possible the 
ability electron microscope obtain 
diffraction patterns from particular 
areas specimen, are described. 
Aluminum foil (about 0.01 thick) 
horate solution. Most the aluminum 
was then stripped from the oxide with 
chlorine 300 leaving metal foil 
network sufficiently rigid support the 
unaffected oxide film across windows 
from which the metal was completely 
removed. the oxide film thickness 
was about 700 was possible 
penetrate with electron beam with- 
cut unduly large incoherent scattering. 
sealing the film was examined 
the electron microscope. When ad- 
for diffraction the expected halo 
was obtained. The foil was then 
immersion boiling distilled 
for minutes and returned 
microscope. Certain areas gave 
pattern identical with the original, 
‘hile other areas gave sharper boeh- 
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mite pattern. Closer examination proved 
that the halo patterns originated from 
the center large areas oxide film 
from tongues which projected from 
the metal but had otherwise free edges. 
The boehmite pattern came from parts 
the oxide film near the edges the 
metal from regions 
specks aluminum were dispersed over 
the film. thus concluded that the 
boehmite formed only the im- 
mediate neighborhood aluminum.— 
ALL. 13249 


5.9.4 

Notes Post-Treatment for HAE 
Plating, 43, No. 10, 1241-1243 (1956) 
October. 

seven post treatments which have 
been tested, two are recommended: im- 
mersion ammonium fluoride hydro- 
fluoric acid/sodium dichromate solution, 
air drying and immersion sodium 
chromate solution; treatment am- 
monium di-hydrogen orthophosphate/ 


sodium chromate solution— BNF. 
13350 


5.9.4 

Water Sealing Detached Alumin- 
ium Oxide Anodic Film. Roy Spooner. 
Nature, 178, No. 4542, 1113-1114 (1956) 
Nov. 17. 

Aluminum sheet (99.87%) 0.5 
thickness was anodized (15% weight 
sulfuric acid, 1.6 amp./sq. dm., 
min.) form oxide film approxi- 
mately 0.030 thick. The weight gain 
water sealing (deionized water 100 
6.1, minutes) such coatings 
was determined. The film weight was 
determined dissolution the coating 
chromic-phosphoric acid solution. 
Panels anodized similar manner 


133 


and the unsealed oxide film was de- 
tached from these modified Wer- 
nick technique (5-10 grams mercuric 
chloride/100 ethyl alcohol). The de- 
tached films were rinsed twice abso- 
lute methyl alcohol. The weight gain 
water sealing detached oxide film 
was determined and compared with that 
the non-detached film. Electron dif- 
fraction patterns were obtained non- 
detached and detached oxide films, 
both the unsealed and water-sealed con- 
ditions. The weight gain sealing the 
film, which was sealed after being de- 
tached (7.1%), was good agreement with 
the value obtained for the non-detached. 
The similarity the results obtained with 
films detached from their aluminum base 
those for non-detached films confirms 
that water sealing sulfuric acid type 
anodic films hydration process and 
does not require the presence metallic 
aluminum.—ALL. 13381 


MATERIALS 
CONSTRUCTION 


6.2 Ferrous and Alloys 


6.2.2, 3.5.8 

The Influence Understressing 
the Fatigue Properties Flake Graph- 
ite and Nodular Graphite Cast Irons: 
BCIRA Res. Aept. No. 447. 
Development, Brit. Cast Iron Res. Assoc., 
No. 410-421 (1956) Dec. 

Understressing for million cycles 
stress 0.5 ton/sq. in. below fa- 
tigue limit, has not significantly changed 
fatigue limit fatigue life stresses 
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above the fatigue limit, series pearl- 
itic and ferritic flake graphite and nodu- 
lar graphite irons. Flake graphite irons 
tested were unalloyed and pearlitic 
condition high tensile strength 20.9 
ton|sq. in. was obtained. Nodular irons 
tested were typical good as-cast 
pearlitic and heat-treated ferritic irons; 
they contained 0.66 and 0.67 nickel. Other 
investigators reported increases fatigue 
limit excess 30% due under- 
stressing, and further tests lower 
strength irons tested these investi- 
gators are proposed, determine whether 
such increases fatigue limit are con- 
firmed. Tables summarize chemical compo- 
sition, tensile properties, and fatigue 
results for notched and un-notched speci- 
mens. Photomicrographs, graphs.—INCO. 

13243 


6.2.2, 8.3.1 

Wear Tests Plowshare Materials. 
Harvey AND Michigan 
State Univ. Agric. Eng., 37, No. 12, 816- 
820 (1956) Dec. 

Fact that annual consumption plow- 
shares the millions and that plowshare 
maintenance constitutes 10-20% plow- 
ing cost, prompted investigation role 
alloying elements (especially carbon) 
bility nodular iron plowshare ma- 
terial. Experimental samples were made 
from types irons include ordi- 
nary cast iron and nodular iron high 
low carbon and alloyed and unalloyed 
compositions (chromium, nickel and 
molybdenum alloying constituents) made 
chilled and unchilled conditions. Cor- 
relation between accelerated laboratory 
wear test and field test results and cor- 
relation between hardness and weight 
loss field are discussed.—INCO. 

13261 


6.2.3, 3.5.8 

The Fretting Corrosion Mild Steel. 
Royal Soc., Ser. 236, 411-425 (1956) 
August 

Measurements the frictional forces, 
the degree damage and the variations 
the electrical contact resistance for 
wide range applied loads, vibration 
amplitudes and number cycles mo- 
13236 


6.2.3, 8.1.2 

New Aspects Rust Protection 
Modern Building. Peintures, 
Pigments, Vernis, 32, No. 604-608 
(1956). 

The protection steel sheet for pre- 
fabricated buildings chiefly considered. 
Surface preparation and choice and exe- 
cution painting schemes are covered. 


—RPI. 13262 


6.3 Non-Ferrous Metals 
and 


6.3.9 

Arc-Cast Molybdenum Base Alloys. 
SEMCHYSHEN AND Barr. Avta- 
tion Age, 26, No. 34-41 (1956) Nov. 

Molybdenum alloys are getting more 
attention possible materials meet 
increasingly stringent requirements 
high performance aircraft and missiles. 
present, molybdenum only 
base material for the 1800-2200 range 
because has melting point 4750 
against 3000 for other high tem- 
perature alloys. Creep-rupture tests showed 
that 1600 molybdenum alloys are 
markedly superior over high-tempera- 


ture alloys such §-816. Tests re- 
lationship between alloy content and 
rupture strength showed that this was 
non-linear for molybdenum-titanium 
terials and that 0.5 titanium content 
provided highest strength. Major prob- 
lem overcome before molybdenum 
can used high temperature appli- 
cations its high oxidation rate 
these temperatures. Chromium, nickel 
prepared under hydrogen showed poor 
oxidation resistance while 
pared under argon had good resistance. 
Tables showing creep-rupture strength 
molybdenum base alloys stress-relieved 
and fully recrystallized 
cludes nickel alloys. Graphs.—INCO. 
13361 


6.3.10 

Development and Testing Vacuum 
Melted Nickel—Molybdenum Alloys 
with Minor Alloying Additions (Final 
Report). Preston, GRANT AND 
New England Materials Lab., 
Inc. for Oak Ridge Lab. 
Atomic Energy Comm. Pubn., ORNL- 


2181, October 18, 1956, pp. Available 
Washington, 

series five simple vacuum melted 


nickel-molybdenum alloys which the 
molybdenum increased progressively from 
36% discussed. Air melted 
Hastelloy was included for compari- 
son purposes. The test program included 
(for heat treatments) creep rupture 
tests about 500 hours 1350, 1500 
and 1650 room 
tests, and room temperature tensile tests 
after 100 hours exposure 1500 
determine the degree embrittlement. 
severe embrittlement room 
temperature after high temperature ex- 
posure these simple 
molybdenum alloys, two the inter- 
mediate molybdenum compositions were 
selected and additions chromium, 
iron, vanadium and niobium were made 
determine the degree stabilization 
conferred these various addition ele- 
ments. 13323 


6.3.10, 2.2.2, 6.2.5 

Atmospheric Corrosion Behavior 
Some Nickel Alloys. Copson. 
Paper before Am. Soc. Testing Mate- 
rials, 58th Ann. Mtg., Symp. Atmos- 
pheric Corrosion Non-Ferrous Met- 
als, Atlantic City, June 29, 1955. ASTM 
Special Technical Pubn. No, 175, 1956, 
141-158. 

Weight loss and tension data are pre- 
sented for nickel and Monel specimens 
exposed various marine, industrial and 
rural atmospheres ASTM 20-year test 
program. Data atmospheric exposure 
tests carried out independently Ba- 
yonne nickel, Monel, some nickel al- 
loys and stainless steels are presented. 
These show the effects alloying nickel 
with copper, iron and chromium and ef- 
fects shelter other variables. 
nickel, nickel-copper alloys 
iron alloy high nickel, attack uni- 
form and corrosion rate constant with 
time. High chromium alloys show local 
pitting attack. Sheltered specimens cor- 
rode more than outright exposed ones 
and screen and wire corrode faster than 
sheet. Behavior nickel-copper alloys 
varies with location. nickel-iron series 
20% iron additions decreased cor- 
rosion industrial location; with more 
iron corrosion increased, Heat treatment 
and surface condition are minor im- 
portance compared chromium content 


Vol. 


factors determining behavior stain- 
less steel. Numerous table and 
INCO. 12769 


6.3.10, 8.8.1 

New Chemical Products and High 
Ind. Eng. Chem., 48, No. 11, 
1971-1974 (1956) Nov. 

Discussion application nickel and 
high nickel alloys chemical 
ess industries for economical corrosion 
resistance and for protection 
product contamination includes Dura- 
nickel, Monels, Inconels, Hastelloy and 
Chlorimet alloys. Corrosion, mechanical 
and physical properties high nickel 
alloys are discussed their application 
chlorine, iodine, fluorine, bromide, al- 


kalies, pharmaceuticals, 
tergents and acid processing. Tables, 
photos, 13397 


3.22 

The Effect Internal Oxidation 
the Tensile Properties Some Silver 
Alloys Room and Elevated Tempera- 
Sintercast Corp. Inst. Metals, 85, Pt. 
81-87 (1956) Nov. 

Conditions affecting production non- 
metallic phases internal oxidation 
silver alloys containing silicon alumi- 
num were investigated. very marked 
inhibition grain growth and recrystal- 
lization the disperse phase was ob- 
tained. Short-time tensile tests 18, 200, 
340, 410 and 590 0.13 silver-silicon, 
aluminum alloys showed considerable 
improvement strength after internal 
oxidation. Strength was dependent 
degree dispersion the oxide, the 
greatest improvement being 
specimens containing finest dispersion. 
Graphs, references. —INCO. 13221 


The Scaling Technical Gold Alloys 
and Its Avoidance Heat Treatment. 
(In German.) Metall, 10, 
No. 13/14, 617-620 (1956) July. 

Deals with scaling processes 12- 
14-carat gold-silver-copper alloys with 
and without additions 
nickel and zinc. Silver and palladium 
decrease the rate scaling alloys, 
while nickel and zinc increase it—BTR. 


12602 


6.4 Non-Ferrous Metals 
and 


6.4.2, 3.5.8, 2.3.7 

The Effect Stress Concentrations 
the Fatigue Resistance Dura- 
lumin Type Aluminium Alloy. 
Mann. Roy. Aeronaut. Soc., 60, No. 
550, 681-686 (1956) Oct. 

Results and fatigue tests 
carried out Aeronautical Research 
Laboratories, Melbourne, 
and unnotched specimens 
heat treated, aged and cold rolled alu- 
copper-0.6 manganese-1.5 
chromium find basis 
Conclusions reduction 
factor for particular notch depends 
endurance which measured; 
greatest reduction fatigue strength 
not caused sharpest notch.—BNF. 

13289 


6.4.2, 3.5.8, 2.3.7, 3.7.2 

Stress- Corrosion Wrought Ternary 
and Complex Alloys the Aluminum- 
Zinc-Magnesium System. 
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Metals, 85, Pt. 161-170 (1957) Jan. 
Previous investigations stress-cor- 
rosion 
are briefly reviewed. Object 
present investigation was develop 
method test under closely defined 
and use this establish 
stress/time-to-failure relationships for 
number 
alloys. New equipment designed for 
direct-tension stressing, using spring 
loading combined with dash-pot device 
absorb energy released breaking 
stressed specimen, permits installa- 
small space several units 
working high loading. alloys with 
zine and 0.4-2.8 magnesium, stress- 
cracking occurs comparatively low 
stresses, time-to-failure diminishing with 
zinc plus magnesium con- 
Complex alloys with and 
magnesium with smaller additions 
copper, manganese and chromium, 
tested. Increased resistance 
stress-corrosion conferred iron and 
commercial purity metal 
ascribed grain refinement. Copper 
beneficial that develops anodic 
areas grain centers; chromium dimin- 
stress-corrosion tendencies pro- 
elongated grain structure. Tables, 
photomicrographs.—IN CO. 
13461 


6.4.2, 3.5.8, 3.7.4 

Martin. Metal Industry, 89, 
Nos. 25, 26, 511-515; 531-532, 540 (1956) 
Dec. 21, Dec. 28. 

Susceptibility mechanical embrit- 
tlement grain boundaries and local- 
ized, grain boundary corrosion attack 
and highly negative electrode poten- 
tial leading high, general corrodi- 
bility and presence local cells 
large potential difference lead overall 
aluminum-zine-magnesium alloy. Micro- 
scopical examination corroded speci- 
mens indicated that such cells were 
present grain boundaries that 
acid, liberated these regions, accen- 
tuated susceptibility boundary corro- 
sion. Diffusion zinc, magnesium and 
copper grain boundaries was primary 
cause severe intergranular corrosion 
and brittleness found after heat treat- 
ments. Further ageing led 
creased resistance intergranular frac- 
ture and correspondingly increased 
resistance corrosion, even 
though corrosion attack was still con- 
centrated grain boundaries. Photo- 
micrographs, graphs, references.— 
INCO. 13285 


4.2, 3.7.2 

Influence Small Amounts Alloy- 
ing Elements the Technological 
Properties Aluminium. (In Hungar- 
ian.) Kohaszati Lapok (Hun- 
Metallurgy), 11, No. 185-187 
(1956) April. 

Surveys the effect elements 
electrical conductivity, corrosion resist- 
ance, grain size and mechanical proper- 
ties aluminum. references.—BNF. 

12760 


6.4.2, 3.7.2, 7.3 

Influence Iron and Silicon Contents 
the Corrosion Resistance 
A-U2GNZr. (In French.) 
LIER AND LERNER. Rev. Aluminium, 
33, No. 233, 609-613 (1956) June. 

Results show that the most notable 
corrosion turbo-jet com- 
elongation; anodization offers 
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effective protection but tension fosters 
corrosion.—MR. 12766 


6.4.2, 3.7.3 

Effect Quenching and Ageing 
the Aluminium-Magnesium Alloys Con- 
taining Silicon Either Impurity 
Secondary Constituent the Extent 
Rev. Met., 53, No. 263-269; disc., 269- 
270 (1956). 


known that the mechanical prop- 
erties aluminum containing >6% 
magnesium are greatly improved 
quenching followed eventually age- 
ing, even the absence impurities 
secondary elements; the magnesium 
goes completely into solution tem- 
peratures below 450 With alloys con- 
taining magnesium, appreciable 
hardening precipitation observed 
unless the alloy heated tempera- 
tures considerably before quench- 
ing, although theoretically all the mag- 
nesium should into solution just 
above 300 Experiments were carried 
out high purity aluminum-magne- 
sium alloy and three alloys 
made adding 0.2% silicon, 0.2% iron, 
0.2% silicon 0.2% iron, this. The 
alloys were quenched from between 475 
and 575 and aged 170-180 for 
various times. the presence 
silicon was there any notable improve- 
ment the mechanical properties, the 
best period for agenig being ~20 hr. 
There appears close relation 
between the hardening and the amount 
silicon that goes into solution, which 
occurs 530-580 Provided that this 
ageing treatment does not lower the 
corrosion-resistance (which probably 
would for the 4-5% magnesium alloy), 
should prove advantage for the 
2-3% magnesium alloy containing lit- 
tle silicon—MA. 13341 


6.4.2, 3.7.3 
Studies Corrosion Welded Alu- 
minum and Its Alloy Plates. 
AND Light Metals 
(Japan), No. 19, 76-79 (1956) May. 
This report deals with the studies 
stress corrosion argon welded ANP 
(aluminum-4% magnesium-0.5% manga- 
nese-0.2% chromium) plates dipped 
brine and aqueous solution sodium 
chloride 0.1% hydrogen peroxide. 
Stress corrosion cracking did not oc- 
cur any case. The electrode poten- 
tials zone measured the 
aqueous solution sodium chloride 
+0.1% hydrogen peroxide are more 
noble than those mother plates. 
Corrosion occurs especially 
heat affected zone the mother plates, 
but very little the deposited zone. 
Corrosion the heat affected zone 
the plates the case oxyacetylene 
gas welding more remarkable than 
that the case argon welding.— 
12655 


6.4.2, 3.7.3, 3.5.8 

The Effect Heat Treatment the 
Susceptibility Sand Cast Aluminum 
Alloy 220 Stress Corrosion Cracking: 
Corrosion, 13, No. 1t-2t (1957) Jan. 

Examination 10% magnesium-alu- 
minum sand casting that failed after 
short service life marine atmosphere, 
showed intergranular and_ branching 
cracks, typical stress-corrosion cracks 
aluminum alloys. As-received and 
heat treated specimens were stressed 
tension and immersed so- 
lution. Results show that susceptibility 
stress corrosion cracking decreased 
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appreciably when rate quenching 
from solution heat treating temperature 
increased. 

13192 


6.4.2, 4.3.6, 4.4.10, 3.6.2 

The Corrosion Aluminum 
Sodium Borate and Lead Acetate Solu- 
tions. Oak Ridge 
National Lab. Atomic Energy 
Comm. Pubn., October 14, 
1948 (Declassified Jan. 1956), pp. 
Available from: Office Technical Serv- 
ices, Washington, 

Static corrosion tests were conducted 
with annealed aluminum panels ex- 
posed percent borax solutions and 
percent lead acetate solutions 
room temperature. Corrosion attack was 
severe the lead acetate solutions (1.7 
mils/month) and less severe sodium 
borate solutions (0.31 mils/month). 
all cases, corrosion damage appeared 
the result direct chemical attack 
and was generally uniform nature 
with very minor localized attack. Water- 
line attack was studied partial im- 
mersion the specimens the corrod- 
ing media and was minor consequence 
the borax solutions but was very 
pronounced the panels immersed 
lead acetate. Various 
tective coatings were employed pre- 
vent corrosion attack aluminum 
lead acetate solutions. Bakelite lac- 
quer and Pruf-coate were found 
the most resistant. 12727 


6.4.2, 5.2.1 

Electrochemical Protection Dura- 
lumin. (In Russian.) 
USSR (Zhur. Fiz. Khim.), 30, No. 
1816-1820 (1956) August. 

Effect protective circuit potential 
the speed and depth corrosion 
13218 


6.4.3 

Beryllium Offers High 
Paper before Inst. Aeronautical 
Sciences, San Diego, August 15-17, 1956. 
Aviation Week, 65, No. 25, 57, 59-61 
(1956) Dec. 17. 
Study characteristics beryllium 
indicates that offers high promise 
aircraft and missile structural mate- 
rial. Advantages seen for transport plane 
are possible airframe weight reduction 
about 50% comparison with alu- 
minum structures, range increase 
about 40% and metals ‘worth-in-use’ 
range high $1000 pound. Prop- 
erties beryllium are 
aluminum, 17-7PH stainless 
nium alloy. Problems encountered 
use beryllium are discussed. Graphs. 
—INCO. 13239 


6.4.3 

Beryllium Thermal Stress Test. 
WINKLER. Knolls Atomic Power Lab. 
Atomic Energy Comm. Pubn., 
KAPL-M-HHW-2, September 19, 1949 
(Declassified February 1956), pp. 
Available from Office Technical Serv- 
ices, Washington, 

Thermal stress tests were made 
beryllium wafers liquid sodium for 
period 140 hours with ~300 
sampling the wafers were metallo- 
graphed, indicating 
under high thermal 13364 


6.4.3 

Thermal Stress Beryllium Washer. 
MEN. Knolls Atomic Power Lab. 
Atomic Energy Comm. Pubn., KAPL- 
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M-WW-2, July 1949 (Declassified 
February 1956), pp. Available from 
Office Technical Services, Washing- 
ton, 

Thermal stress was produced 
large radial heat flux beryllium 
washer immersed NaK alloy. After 
7000 cycles thermal stress, the washer 
maintained its principal dimensions but 
developed small radial cracks. There 
was gain despite obvious 
13444 


6.4.3, 3.7.3 

Corrosion Resistance Hot-Pressed 
and Extruded Beryllium. 
Oak Ridge Lab. Atomic 
Energy Comm. Pubn., CF-50-5-81, May 
21, 1950 February 20, 
1956), pp. 

Corrosion tests days’ duration 
were run determine the relative cor- 
rosion resistance hot-pressed and ex- 
truded beryllium exposed 
water 850 The solution was 0.005 
hydrogen peroxide and range 
5.5 was maintained. All the 
beryllium samples were machined and/or 
ground different ways that the 
effect cold working the corrosion 
resistance could studied. 


NSA. 13317 


6.4.4 

Magnesium-Alloy Sheet Under Rapid- 
Heating Conditions and Constant Ele- 
National Advisory Cttee. for Aeronau- 
tics, Tech. Note 3742, August, 1956, pp. 

Specimens magnesium-alloy sheet 
(magnesium-3 thorium-0.72 zirconium) 
rolled and partially annealed, were heated 
failure nominal temperature rates 
from 0.11 55.5 C/sec. under constant 
load conditions. Rapid-heating yield and 
rupture stresses are compared with yield 
stress-strain tests for half-hour exposure. 
Linear temperature-rate parameters used. 


INDUSTRIES 
8.2 Group 


8.2.1, 7.7 

Corrosion: The Constant Enemy 
Metals. Bell Labs Record, 
34, No. 12, 451-455 (1956) December. 

Discussion corrosion encountered 
telephone equipment from atmospheric 
moisture and chemicals different loca- 
tions. Comparison field and labora- 
tory tests galvanic corrosion Types 
430 and 302 stainless, nickel and copper 
given. Corrosion underground and 
submarine cables discussed. Photos.— 


INCO. 13282 


8.2.2, 4.5.1, 3.6.9 

Corrosion Control Underground 
Structures Power Plants. 
AND Price. Paper 
before Am. Power Conf., 18th Ann. 
Mtg., Chicago, March 21- 23, 1956. Proc. 
Am. Power Conf., 18, 474- 481 (1956). 

Corrosion metal structures buried 
soil around and under power plant 
proper and plant and substation yards 
caused soil corrosion due single 
metal and multimetal galvanic cells and 
stray current corrosion. Corrosion 
control coatings and cathodic protec- 
tion discussed. Corrosion control 
older power plant and new power 
plant described—Diagrams.—INCO. 


2.2, 4.6.2 

Avon No. Supercritical Pressure 
Plant. Paper before Am. 
Soc. Mech. Engrs., Semi-Annual Mtg., 
Cleveland, June 17-21, 1956. Combustion, 
28, No. 47-56 (1956) August. 

Description 250,000-kw 
pressure plant. Control addition 
ammonia hydrazine the hotwell 
condensate pump and deaeration con- 
protect metals the preboiler 
the condensate. Tests Types 316 
and 347 stainless showed that hot duc- 
tility fine grain Type 316 better for 
use for piping for the eight main steam 
boiler leads. Walls station are con- 
structed insulated stainless steel pan- 


els. 12755 
8.3 Group 
8.3.4 


Non-Ferrous Metals the Brewery. 
(In German.) Russe. Metall, 10, No. 
17/18, 818-821 (1956) September. 

Use non-ferrous metals 
relation the various departments 
brewery: malting, brewing, cooling, 
fermentation, storage, cleaning and fill- 
ing casks, internal and external trans- 
13354 
8.4.2 


CORROSION 


ENGINEERS 


LER. Corrosion Technology, 
(1956) Nov. 

Major protective steps taken 
unit gas plant were early removal 
hydrogen peroxides and extensive 
washing, starting the fractiona 
overhead system.—BTR. 13. 


8.4 Group 


8.4.3 
Choosing Metals for the 


Co. Processing, 11, No. 12, 
(1956) December. 


Major component all process 
steel. Carbon steel the cheapest 
most versatile the wrought 
nickel steels are used for extra low 
perature service, stainless for still lov 
temperatures and chromium-molybden 
alloys for service between ordinary and 
stainless steels. Mechanical strength 
steels and applications design 
ment are discussed. Table gives coin- 
parison allowable stress values 
Types 304, 321, 316 and 310 
steels high Photomicro- 
graphs show failures stainless, Croloy 
oxidation, sulfur compounds and hy- 
drogen. Penetration into grain 
boundaries stainless steel high 
thermal stress shows why steel should 
not fabricated for elevated tempera- 
ture copper, brass bronze tools.— 


INCO. 13383 


8.4.3 

Corrosion Prevention Gas Conden- 
sate and Sweet Oil Wells. Bock. Sun 
Oil Company. Petroleum Engr., 29, No. 
B111-122 (1957) Jan. 

Discussion causes and detection 
corrosion tubing, casing 
well equipment and fundamentals de- 
termining extent corrosion and eco- 
nomic use materials, methods and 
inhibitors prevent damage. Corrosion 
oil wells depends water oil 
ratio, rate and method production 
and amount carbon dioxide and or- 
ganic acids water. Gas-condensate 
wells corrode because they produce acid 
water caused carbon dioxide and or- 
ganic acids. Prevention corrosion 
use chemical inhibitors, 
coatings, selection proper equip- 
ment, practicing proper operating 
techniques and use corrosion re- 
sistant alloy materials discussed. Cor- 
rosion resistant materials given include 
and nickel and and chromium 
alloys. Photos, 13193 


8.4.3, 5.4.5 

How Paint Drilling Rig. 
Briner Paint Mfg. Co. World Oil, 
144, No. 121, 123- 124 (1957) Jan. 


Outlines types coatings, 
erties, applications and service ex- 
pected. Included are oleoresins, alkyd 

resins, vinyl resins, chlorinated 
epoxy resins and butadiene- -styrene co- 


8.6 Group 


8.6.3 

Corrosion the Textile Industry. 
165-167 (1956). 

reference made the use anti- 
corrosive paints.—RPI. 13264 
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DURIRON ANODES protect 11,000 feet 


steel water line without backfill 


ona 
13. 


The Problem: isolated section 11,000 feet steel water line 
needed cathodic protection. Tests showed current re- 
quirements amps., but replacement adjacent 
wood stave lines called for extra capacity. Ground was 
peat bog with water table standing inches below 
surface, making backfill methods impossible. 
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The Installation: Duriron Anodes (2” were installed without 
backfill, digging through the dry surface and then 
pushing anodes down until the tops were feet below 

surface. Anodes were installed feet apart, two rows, 

with calculated resistance one ohm, based previous 

experience with similar installations. While conventional 
should backfill columns would have reduced the number 

anodes necessary, the use bare anodes constituted 


13383 major saving cost. 
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The Performance: The anode bed discharging amps. terminal 


voltage volts. The entire line section under protec- 

tion, the minimum potential being 1.18 volts. This affords 
ample margin handle prospective additions the line. 
Agreement between actual and calculated anode resist- 
ance quite close. 


STEEL PIPE LINE 
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Action: For further information this particular installation 


for technical assistance other Duriron impressed 
current anode installations, write: 


ALLOYS & EQUIPMENT 


THE DURIRON COMPANY, INC./ DAYTON, OHIO 
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CHEM Pipeline Enamels are 


acked 


line after line, all types terrain and 
soil, tough, durable Pitt Chem Coal Tar 
Enamels have proved their superior ability 
provide sure, economical pipeline protection— 
year after year. But there’s another big reason 
why many companies specify Pitt Chem Pipe- 
line Enamels. And that’s Pittsburgh’s Four-Way 
service program: 


Complete Quality Control basic producer, 
Pittsburgh maintains rigid quality control stand- 
ards every step enamel production, from coal 
finished coating. 


Written Specifications Published guarantee you 
consistently superior quality and performance 
from every drum Pitt Chem Pipeline Enamels 
—in application and service. 


PITT CHEM Pipeline Enamels 
PITT CHEM Coal Coatings 
PITT CHEM Insul-Mastic Coatings 


COAL CHEMICALS PROTECTIVE COATINGS 


Service Program 


Experienced Sales Service Pitt Chem sales repre- 
sentatives are experienced coating men. They 
talk your language, will help you plan the many 
requirements your coating job. 


Technical Service Pittsburgh maintains full time 
staff field service men work with your field 
men the efficient, economical application coat- 
tings. Write about your protection requirements! 
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